REPORT  NO.  ONR  1-7  (Final) 

PERIOD  COVERED:  1 DECEMBER  1976  THROUGH  31  DECEMBER  1977 

HIGH  ENERGY  HALOGEN  CHEMISTRY 


A Report  on  Work  Sponsored  by 
THE  OFFICE  OF  NAVAL  RESEARCH 

Contract  N00014-71-C-0176 

NRO93-052/H-29-76  (473) 

January  1978 


REPRODUCTION  IN  WHOLE  OR  IN  PART  IS  PERMITTED  FOR  ANY 
PURPOSE  OF  THE  UNITED  STATES  GOVERNMENT 


"Approved  for  public  release;  distribution  unlimited. " 


FLUOROCHEM,  INC. 
6233  N.  Irvindale  Avenue 
Azusa,  California  91702 


IfSEDDH 

FEB  3 1978 


{J  h Jan«^BM©70  j JjQ  */ /p. 


Resox-t  No.  Qi'K-l-? 
(Final) 


/ 

i fo  J JIGH  ENERGY  JiALOGEN  CHEKIS2SY,  / 


f(  J Kurt 


syihiuu,  F.Ty' 


Berkowitz  asid  SLA./Le:rdal  / 


j 


(flJ\  T'^r  r '■  /t‘/s  i ■ i l)e*c*  76— ~ /7/\ 


A Report  on  Work  Sponsored  by 


THE  OFFICE  OF  NAVAL  RESEARCH 

Contract /r;oooiU-7i-c-)aiT6  J 

f' j /r  ) 

( / O J 


FLUOPOCFEM,  INC. 
6233  N.  Irwindale  Avenue 
Azusa,  California  917^2 


TRIBUTION  statement  a" 

proved  for  public  relea#*; 
Distribution  Unlimited 


n t?j  -t 

' n< ' 


Unclassified  


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  l)*te  Filtered) 


READ  INSTRUCTION'S 
BEFORE  COMPLETING  FORM 


REPORT  DOCUMENTATION  PAGE 


I.  REPORT  NUMBER  /~  |2.  GOVT  ACCESSION  NO.I  T RECIPIENT  S CATALOG  NUMBER 


ONR  1-7 


«.  TITLE  (and  Subtitle) 


Hl/'h  Energy  Halogen  Chemistry 


S.  TYPE  OF  REPORT  4 PERIOD  COYEREO 

Final 

1 Decanter  1976  - 31  '-57' 


6.  PERFORMING  ORG.  REFORT  NUMBER 


7-  authors; 

Kurt  Baum,  Phillip  T.  Berkowitz  and  Duane  A. 
Lerdal 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Fluorochem,  Inc. 

6233  N.  Irwindale  Ave. 

Azusa,  'California  9Y(02 


8.  contract  or  gran  T NUMBER/*; 


N00014-71-C-0176  ^ 


10.  PROGRAM  ELEMENT.  PROjFC’,  TASK 
AREA  6 WORK  UNIT  NUMBERS 

NRO93- 052/Ll- 29-  1C  (1+73) 


12.  REPORT  DATE 

January  1978 


11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Department  of  the  Navy 

Office  of  Naval  Research,  Code  1+73 

Arlington,  Va  22217  


14.  MONITORING  AGENCY  NAME  tt  ADDRESSfff  different  from  Controlling  Office)  15.  SECURITY  CLASS  (ot  this  report) 


13.  NUMBER  OF  PAGES 
1+6 


Unclassified 

I5».  DECL  ASS'  FI  CATION/ DOWN  GRADING 
SCHEDULE 


is  distribution  statement  foim/,  ««pon) 

Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose  of  the  United 
States  Government.  I DISTRIBUTION  STA 


Approved  for  public  release] 


17.  DISTRIBUTION  STATEMENT  (of  the  abstract  entered  In  Block  20,  If  different  from  Rt 


19.  KEY  WORDS  ( Continue  on  reverse  side  if  necessary  and  Identify  by  block  number) 

Fluorodinitroalkyl  silicones  Polymerization 

Nitroalkyl  silicones  Nuclear  magnetic  resonance  spectra 

2-Fluoro-2-nitrcoxetane  Infrared  spectra 

2-Fluoro-2-nitro-l, 3-propanediol  Differential  thermal  analysis 

Fluor! nation  

20.  ABSTRACT  (Continue  on  reverse  side  If  nec  ere  ary  and  identity  by  block  number) 

Further  work  was  carried  out  on  the  preparation  of  bis(3-tluoro-3,3-°i- 
nitropropyl)polysiloxanes.  Bis(3-fluoro-3, 3-dinitropropyl(di?henylsi lane  was 
dephcnylated  with  bromine  in  acetic  acid  to  give  bis(3-fluoro-3, 3-dinitrcpro- 
pyl)silanediol  and  the  disoloxane.  Amines  catalysed  condensation  to  cyclic 
polysiloxanes  (3-1+  units).  Attempts  to  prepare  hi^h  molecular  wei  .ht  linear 
polymers  from  the  cyclic  naterials  with  acidic  cr  basic  catalysts  were  unsuc- 
cessful. Alkali  converted  the  cyclic  po’yrils.:ai;eo  to  the  more  ..oris  sil-.i. 
diol , which  was  converted  by  chlorot-rimet hyls i lane  to  the  b! s(trf methylsilcx"' 


0D  1 jAN^/i  1473  EDITION  Of  1 NOV  65  IS  OBSOLETE 


Unclassified 

SECURITY  CLASSIFICATION  of’  This  PAGE  |l*hrn  Data  fTIlor. 


Unclassified 


security  classification  of  this  PAGEf»?i«n  o«f  Enump 
20.  ABSTRACT  (cont'd.) 

derivative.  The  silanediol  reacted  with  dichlorodir.ethylsiJ.ane  or  with  bis- 
( d ine thy lamina ) di .-.ethyls i lane  to  give  mainly  low  molecular  weight  poi.yr.icrs. 

A bis(ureido)dimethylsilune  pave  a product  with  a nolecular  weight  of  4440. 

Bis(3-hydroxybutyl)diphenylsilar.e  was  prepared  by  the  reaction  of  di- 
phenyls! lane  with  acrolein  dimethyl  acetal  followed  by  the  addition  of  methyl- 
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displacement  and  oxidative  nitration  to  bis(3, 3-dir.itrobutyl)diphenylsilane. 
Dephenylation  with  bromine  and  hydrolysis  pave  cyclic  bis(3, 3-dinitrobutyl)- 
polysiloxanes. 

A practical  synthetic  method  for  2-fluoro-2-nitro- l, 3-propanediol  was 
found  to  be  the  reaction  of  alkyl  fluoronitromalcnetes  with  formaldehyde  and 
base.  The  nonotosylate,  ditosylate,  monotriflate  and  ditriflate  of  this  diol 
were  prepared.  The  monotosylate  reacted  with  base  to  give  2, 6-dif luoro-7- 
hydroxy-2,6-dinitro-4-oxa-l-heptyl  tosylate.  rihe  reaction  of  the  monotriflate 
with  base  pave  3-fluoro-3-nitrocxetane.  The  monotosylate,  the  ditriflate  and 
the  ditosylate  reacted  with  sodium  aside  to  jive  the  corresponding  alkyl  azices 
which  reacted  with  propiolic  acid  to  ,~ive  the  corresponding;  triazoies.  The 
nonotosylate  and  lithium  bromide  pave  3-bromo-2-f luorc-2-nitro- 1-propanol.  3- 
Fluoro-3-nitrooxetane  underwent  addition  of  triflic  acid  and  of  hydrochloric 
acid.  The  oxetane  was  polymerized  with  phosphorous  pentaflucride  to  .jive  a 
polymer  stable  to  £90°  *(DTA).  The  reaction  of  2,2-diritro-l,3-propaneaiol 
with  triflic  anhydride  pave  the  corresponding  monotriflate  and  ditriflate. 
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I.  INTRODUCTION 

Research  under  Contract  N00014-71-C-0176  has  teen  conducted  during  the 
period  1 December  1970  to  31  December  1977*  This  is  the  Final  Report  under 
the  above  contract,  and  the  work  will  be  continued  under  Contract  K00014-73- 
C-0147.  The  work  performed  through  30  November  1976  has  been  detailed  in 
the  following  Annual  Summary  Reports: 

Fluorochera  Report  ONR-1-1,  January  1972,  AD  No.  736249 

Fluorochem  Report  ONR-1-2,  January  1973,  AD  No.  754778 

Fluorodhem  Report  ONR-1-3,  January  1974,  AD  No.  773942 

Fluorochem  Report  ONR-1-4,  January  1975?  AD  No.  AOC6468 

Fluorochem  Report  ONR-1-5,  January  1976,  AD  No.  AOI9807 

Fluorochem  Report  ONR-l-o,  January  1977,  AD  No.  A035349 

The  objective  of  this  program  is  to  develop  new  synthetic  methods  for 
classes  of  compounds  with  potential  utility  in  high  energy  propellants  and 
explosives.  Under  this  program  dichlorine  heptoxide  was  developed  as  a prac- 
tical perchlorylating  reagent,  and  its  reactions  with  alcohols,  amines,  ethers, 
ketones  and  olefins  were  studied.  The  chemistry  of  alkyl  triflates  was  stu- 
died, and  their  utility  for  the  etherification  of  nitroalcohols  was  demonstra- 
ted. The  first  alkyl  perbromate  was  synthesized.  Synthetic  methods  for  nitro 
and  fluorodinitro  substituted  silicon  compounds  were  developed.  The  first 
oxetane  with  a nitro  group  or  the  ring  was  synthesized  and  polymerized. 

The  following  journal  publications  resulted  from  this  contract: 

C.D.  Beard,  K.  Baum  and  V.  Grakauskas,  "Synthesis  of  Some  Novel  Tri- 
fluoromethanesulfonates  and  Their  Reactions  with  Alcohols",  J.  Org.  Chem. , 

38,  3673  (1973). 
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V.  Grakauskas  "Fluorarxr.oni un  Trif luoromethanesulfonate",  J.  Inor~.  i’ucl. 


Chem.,  35,  3035  (1973). 

K.  Baum  and  C.D.  Beard,  "Reactions  of  Dichlorine  Keptoxide  with  Alco- 
hols", J.  Am.  Chem.  Soc.,  9§,  3233  ( 197*0  • 

C.D.  Beard  and  K.  Baum,  'Reactions  of  Dichlorine  Heptoxide  with  Amines", 
J.  Am.  Chem.  Soc.,  9 6,  3237  ( 197^ ) - 

C. D.  Beard  and  K.  Baum,  "Reactions  of  Silver  Perchlorate  and  of  Silver 
Triflate  with  Alkyl  Iodides.  Solvent  Inhibition  of  Isomerization",  J.  Org. 
Chem. , 39,  3875  (197*0- 

K.  Baum  and  C.D.  Beard,  "Reactions  of  Di chlorine  Heptoxide  and  of  Acyl 
Perchlorates  with  Ethers",  J.  Org.  Chem. , 40,  8l  (1975)- 

K.  Baum,  C.D.  Beard  and  V.  Grakauskas  "Preparation  of  an  Alkyl  Perbro- 
mate",  J.  Am.  Chem.  Soc. , 97,  267  (1975)- 

K.  Baum  and  C.D.  Beard,  "Reactions  of  Di chlorine  Heptoxide  and  of  Hypo- 
halites  with  Alkyl  Iodides",  J.  Org.  Chem. , U-0,  2536  (1975)- 

K.  Baum,  "Reactions  of  Dichlorine  Heptoxide  with  Olefins",  J.  Org.  Chem. , 

U,  1663  (1976). 

The  following  manuscripts  have  been  submitted  for  publication: 

K.  Baum,  D.A.  Lerdal  and  J.S.  Horn,  "Synthesis  of  Crganosilanes  and 
Polysiloxanes  with  liitro  and  Fluoro  Substituents". 

D. A.  Lerdal  and  K.  Baum,  "Synthesis  of  Bis (3, 3-dInitrobutyl) cyclopoly- 
si  loxane". 

This  report  covers  technical  details  of  the  work  performed  during  the 
period  1 December  1976  to  31  December  1977-  During  this  period,  work  conti- 
nued in  the  area  of  nitrosilicon  chemistry.  Work  was  initiated  in  the  area 
of  synthesis  and  polymerization  of  nitrooxctanes. 


II. 


Discussion 


A.  Nitrosilicone  Chemistry 

In  the  two  preceding  reports,  methods  were  developed  for  the  in- 
troduction of  fluorodinitroalkyl  groups  into  simple  silanes,1  and  these  me- 
thods were  applied  to  the  preparation  of  polysiloxanes  with  the  use  of  phenyl 

2 

groups  to  protect  reactive  silicon  sites.  This  work,  with  some  subsequent 
refinements  in  yields  and  procedures,  comprises  Appendix  A of  this  report,  a 
journal  manuscript.  The  route  adapted  to  the  preparation  of  polysiloxanes 
involves  the  preparation  of  haloalkyl  diphenylsilanes,  displacement  of  halo- 
gen to  give  the  nitro  compound,  oxidative  nitration  and  fluorination  to  give 
the  fluorodinitro  compound,  and  replacement  of  the  phenyl  group  by  hydrolyza- 
ble halides  on  silicon. 

Work  was  undertaken  to  develop  an  analogous  route  to  polysiloxanes 
containing  internal  gem-dinitro  groups.  This  work  is  detailed  in  Appendix  B. 
The  reaction  of  bis(3-hromobutyl)diphenylsilane  with  sodium  nitrite  gave  bis- 
(3-nitrobutyl)diphenylsilane,  which  underwent  oxidative  nitration  to  give  bis- 
( 3 , 3 -dini trobutyl ) diphenylsilane . Bromination  and  hydrolysis  gave  the  desired 
polysiloxane.  The  product  was  a stable  high-melting  solid  with  an  average 
molecular  weight  of  1210;  the  material  melted  with  decomposition  at  £40-250°C. 


NaNOp  r 

(c6H5)2Si(cE2cH2CHBrCH3)2  * (CgHjJgSi  CH2CH2CH(N02)CH3 L 
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Further  work  was  carried  out  with  the  objective  of  preparing  high  mole- 
cular weight  polys iloxanes.  The  dephenylation  of  bis(3-fluoro-3> 3-dinitropropyl)- 


diphenylsilane  was  simplified  by  using  acetic  acid  as  the  solvoi  t for  brorai- 
nation.  Quenching  the  reaction  with  water  gave  a mixture  of  bis(3-fluoro-3, 3- 
dinitropropyl)silanediol  and  the  corresponding  disiloxane.  These  compounds 
were  soluble  in  methylene  chloride.  The  addition  of  a trace  of  pyridine  or 
triethylamine  to  this  mixture  resulted  in  silanol  condensation  to  give  inso- 
luble cyclic  polysiloxanes  with  an  average  molecular  weight  intermediate 
between  calculated  values  for  trimer  and  tetramer. 


(c6H5)2Si  CH2GH2CF(N02)22 


Br2  H20 


)]  + F< 
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J ^ 
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a 2|2 


sv_ 
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2 2 


-0Si(CH2CH2CF)2 

I N02  n 


A more  satisfactory  route  to  the  silanediol  was  found  to  be  the  reac- 
tion of  the  polysiloxane  with  potassium  hydroxide  in  aqueous  methanol.  The 
material  dissolved,  and  neutralization  with  aqueous  sodium  dihydrogen  phos- 
phate gave  essentially  a quantitative  yield  of  the  silanediol.  This  compound 
was  identified  spectrally  and  by  its  reaction  products  with  chlorotrimethyl- 
silane  and  triethylamine.  The  only  product  detected  from  this  reaction  in 
ether  after  0.5  hr  at  ambient  temperature  was  trimethylsiloxybis(3-fluoro- 


3,3-dinitropropyl)silanol.  However,  after  a l6  hr  reaction  period,  this 
silanol  was  converted  to  a mixture  of  its  disiioxane  and  its  trimethylsilyl 
derivative,  both  of  which  were  isolated  and  analyzed. 


— NO  "I 

1 " 

KOH  H+ 

NOp 

1 * 

-0Si(CJUCH?CF)o 

1 ^ 1 
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(CH3)3SiO  2Si(CH2CH2aF)2  + 
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Attempts  were  made  to  transform  the  cyclic  bis(2-fluoro-2,2-dinitropropy 

polysiloxanes  into  linear  high  molecular  weight  polymers  with  acidic  or  basic 

catalysts.  Hie  results  are  shown  in  Table  1.  No  significant  increases  in 

2 

molecular  weight  were  ooserved.  Difficulties  were  encountered  previously 
in  polymerizing  methyl(3-fluoro-3, 3-<iinitropropyl)siloxane  oligomers  and  the 
presence  of  a second  bulky  and  electron-withdrawing  fluorodinitropropyl  group 
does  not  facilitate  polymerization. 

The  bis(3-fluoro-3, 3-dinitropropyl)  oligomer  did  not  give  the  corres- 
ponding difluorosilane  when  it  was  treated  with  KF  under  the  same  conditions 
that  were  successfully  applied  to  the  methyl(2-fluoro-2,2-dinitropropyl)poly- 


siloxanes. 


r- 


* 


Table  1. 

Attempted 

Polymerization  0: 

l Cyclic  ! 

Oligomers 

Run 

Starting 

Material 

MW 

Solvent 

Temperature 

Catalyst 

Time 

MW 

1 

1040 

- 

215° 

- 

10  min 

1030 

2 

1040 

- 

2 30° 

- 

2 min 

600 

3 

1040 

Toluene 

110° 

CsOH 

2 hr 

1530* 

4 

1040 

DMF 

130° 

Et3^ 

** 

15  min 

1010 

5 

1040 

DMF 

25° 

BAH 

72  hr 

915 

6 

1040 

DMF 

150° 

BAH 

15  min 

762 

7 

1040 

DMF 

80° 

CsOH 

2 hr 

900 

8 

835 

- 

200° 

CsOH 

- 

charred 

9 

1250 

EtOH 

25° 

KOH 

10  rain 

91C 

10 

1250 

EtOH 

25  to  200° 

KOH  10 

rain  at  200° 

670 

11 

1250 

- 

200° 

h2so4 

30  min 

■ * 

1224 

12 

1250 

EtOAc 

77° 

Pyridine 

30  min 

1070 

13 

1250 

HOAc 

118° 

- 

1 hr 

1110 

14 

1250 

c6h5no2 

90° 

BAH 

1 hr 

800 

* 

Substantial  decomposition  occurred 
Benzyltrinethylanmonium  hydroxide 
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or  pyridine.  Higher  molecular  weight  products  were  obtained  with  ether  and 
triethylamine.  In  this  solvent,  higher  molecular  weight  products  become  in- 
soluble, and  gummy  resins  with  a molecular  weight  of  3500  were  isolated  in 
20$  yield.  The  use  of  methyltrichlorosilane  instead  of  dichlorodimethylsiiane 
under  these  conditions  gave  a brittle  polymer  with  a molecular  weight  of  3160. 
Diethoxydimethylsilane  did  not  react  with  the  silanediol. 

Bis(dimethylamino)dimethylsilane  is  a recently  reported  reagent**  for 
producing  high  molecular  weight  polymers  from  aromatic  silanols.  It  has  the 
advantage  of  producing  volatile  dimethylamine  as  the  only  byproduct: 


7 


Molecular  weights,  however,  of  products  of  this  reagent  and  bic(2-fluoro-2,2- 
dinitropropyl)silanediol  were  similar  to  those  obtained  using  dichlorodimethyl- 
silane  and  triethylami ne . The  basic  reaction  conditions  resulting  from  the 
liberated  amine  resulted  in  darkening  and  apparent  decomposition  of  the  pro- 
duct. Fractional  precipitation  of  the  product  obtained  in  refluxing  toluene 
consisted  of  50$  with  a molecular  weight  of  980  and  50$  with  a molecular  weight 


of  1720. 

Another  dirnethylsilyl  monomer  has  recently  been  reported  that  liberates 
only  neutral  fragments.  Bis(ureido)dimethylsilanes  have  been  used  to  prepare 
polymers  from  monomers  with  silanol  groups  attached  to  phthalocyanine'*  and  to 
carborane  backbones.^  We  obtained  the  reagent  by  the  reported  method'*  and 
reacted  it  with  bis(3-fluoro-3, 3-dinitropropyl)silanediol  in  a mixture  of 
chlorobenzene  and  ether.  Fractional  precipitation  of  the  product  gave  a kyja 
yield  of  material  with  a molecular  weight  of  UU40.  The  product  was  an  almost 


colorless  tacky  resin.  The  decomposition  that  was  evident  with  the  dimethyl- 
aminosilane  was  thus  avoided. 


(Ho)2si(cn2cH2cF)2  + ; 


0Si(CH3)20Sl(GH2CH2CF)2 


N-C-N-\  5i(CH3)2 


N-C-NHPh 
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B. 


Chemistry  of  2-Fluoro-2-nltrcproi-anedioI 


Fluorine  is  known  to  inhibit  anion  formation  on  dinitro.nc thane  deriva- 
7 

tives,  and  this  "fluorine  effect"  has  enabled  the  synthesis  of  useful  alkyl- 
ation products  of  2-fluoro-2,2-dinitroethanol  under  alkaline  conditions. 

Other  2,2-uinitroalcohols  are  deforrnylated  in  the  presence  of  base  to  give 
nitronate  salts.  Even  less  tendency  toward  deforraylation  would  be  expected 
for  2-fluoro-2-nitropropanediol.  The  chemistry  of  this  potentially  low  cost 
difunctional  nitro  compound  has  been  little  investigated. 

This  diol  was  first  prepared  by  the  fluorination  of  the  salt  of  2,2-di- 

g 

methyl-5-nitro-l, 3-dioxane  suspended  in  carbon  tetrachloride. 
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Subsequently,  the  synthesis  of  this  diol  was  reported  by  the  direct  fluorina- 
tion of  the  sodium  salt  of  2-nitro-l, 3-propanediol  in  aqueous  or  methanolic 
9 

solution.  A slow  rate  of  fluorination  was  used,  however,  and  an  exception- 
ally dilute  (l:50)  fluorine-nitrogen  mixture  was  used. 

In  our  hands,  the  direct  aqueous  fluorination  of  salts  of  2-nitro-l, 3- 
propanediol  did  not  prove  to  be  a convenient  preparative  method.  Attempts 
to  increase  the  rate  of  fluorine  input,  or  its  concentration  to  more  practi- 
cal levels  resulted  in  immediate  localized  firing  at  the  sparger. 

Consequently,  a more  readily  fluorinated  nitronate  salt  was  utilized, 
with  the  objective  of  converting  the  product  to  the  desired  diol.  Diethyl 
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fluoronitromalonate  was  obtained  convenien- 


* 10 
tly  by  the  previously  reported 

fluorination  of  diethyl  nitromalonate,  obtained,  in  turn,  by  the  nitration 
of  diethyl  malonate.  The  reaction  of  diethyl  fluoronitromalonate  with  aqueous 
formaldehyde  containing  sodium  hydroxide  resulted  in  simultaneous  ester  hydro- 
lysis, decarboxylation  of  the  resulting  acid,  and  formylation.  The  desired 
2-fluoro-2-nitro-l, 3-propanediol  was  isolated  in  4 6£  yield.  The  same  yield 
was  obtained  with  paraformaldehyde  and  potassium  hydroxide,  with  methanol  as 
the  solvent. 
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Dimethyl  fluoronitromalonate  was  also  used  to  prepare  2-fluoro-2-nitro- 
1, 3-propanediol,  and  similar  yields  were  obtained  with  aqueous  formaldehyde 
and  potassium  hydroxide.  With  methanol,  paraformaldehyde  and  sodium  hydroxide, 
however,  yields  varied  from  0 to  93/^ • Thus,  although  an  unknown  impurity  may- 
be responsible  for  yield  fluctuations  and  more  work  is  required,  high  yields 
are  attainable. 

A potentially  useful  reaction  of  2-fluoro-2-nitro-l, 3-propanediol  is 
its  cyclization  to  the  corresponding  oxetane.  Ilitrooxetanes  are  virtually 
unknown.  Thus,  a trace  byproduct  of  the  reaction  of  tris(hydroxyr.ethyl)n.itro- 
nethane  with  PCl^  was  reported  to  be  3-chloronethyl-3-nitrooxetane  with  little 
evidence.'1'1  The  Ter  Meer  reaction  of  3 > 3-bis(chloromethyl) oxetane  gave  3>3- 
bis(nitromethyl)oxetane  in  Jt0  yield. X2 
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Simple  oxetanes  are  generally  obtained  by  cyclizing  monotosylates  of 
1^ 

1, 3-diols  with  base.  Whereas  other  2-nitro-l, 3-diols  would  present  diffi- 
culties because  of  deformylation  under  these  conditions,  this  problem  would 
not  be  expected  with  2-fluoro-2-nitro-l, 3-propanediol. 

The  tosylation  of  2-fluoro-2-nitro-l, 3-propanediol  proceeded  normally. 
When  p-toluenesulfonyl  chloride  was  treated  with  a molar  excess  of  the  diol 
and  pyridine,  to  minimize  ditosylate  formation,  in  refluxing  chloroform,  a 
78$  yield  of  monotosylate  and  a 10$  yield  of  ditosylate  were  obtained.  The 
excess  diol  was  recovered  by  extraction,  ^faen  an  excess  of  p-toluenesulfonyl 
chloride  was  used  in  pyridine  a 67$  yield  of  the  ditosylate  was  isolated. 
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The  cyclization  of  the  monotosylate  to  the  oxetane  was  attempted  with 
potassium  hydroxide  in  aqueous  dioxane.  The  reaction  was  complete  in  5 min 
at  room  temperature  and  gave  an  almost  quantitative  yield  of  a product  identi- 
fied as  2,6-difluoro-7-hydroxy-2,6-dinitro-4-oxa-l-heptyl  tosylate.  The  same 
product  was  obtained  using  potassium  carbonate  as  the  base.  A possible  mech- 
anism for  this  reaction  involves  the  desired  cyclization  to  the  oxetane.  If 
the  oxetane  is  exceptionally  labile  to  nucleophilic  ring  opening  it  could 
react  at  a rate  faster  than  the  cyclization  with  the  remaining  monotosylate. 
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A more  reactive  leaving  group,  triflate,  vas  examined,  with  the  expecta- 


tion of  increasing  tne  rate  of  the  cyclization.  The  addition  of  2-fluoro-3- 
hydroxy-2-nitropropyl  triflate  to  the  oxetane  should  take  place  at  a rate  si- 
milar to  that  of  the  tosylate,  so  the  oxetane  might  survive.  This  monotri- 
flate  vas  obtained  in  52$  yield  from  2-fluoro-2-nitropropanediol  with  theore- 
tical amounts  of  triflic  anhydride  and  pyridine,  but  the  yield  was  increased 
to  67$  by  a 3- stage  reaction  with  diol  in  excess.  The  corresponding  ditri- 
flate  was  obtained  in  75$  yield  using  the  appropriate  stoichiometry. 
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I d (CF  SOp)  0 I I d 

H0C1LCCH  OH  — — » CPoSO^OCH^CauOH  — > CF-S0oCCH„CCKoCS0-CF_ 

2,  2 ? 3 d d 32^,22j 

F ^ F F 


Indeed,  3-fl'->oro-3-nitrocxetane  was  obtained  from  the  monotrif late  with 
a variety  of  basic  reagents.  Thus,  potassium  hydroxide  in  water  or  aqueous 
dioxane  gave  the  oxetane  in  about  50$  yield  with  a reaction  time  of  less  than 
15  min.  Triethylamine  in  chloroform  gave  similar  yields,  tut  20  hrs  was  re- 
quired. The  use  of  DBU  (l,5-diazabicyclo-Jjj.^*oj undec-5-ene)  as  the  base  in 
methylene  chloride  gave  a 62$  yield  of  the  oxetane  in  a 15  min  reaction  peri- 
od. Pyridine,  however,  failed  to  give  the  oxetane  but,  instead  underwent  N- 
alkylation  by  the  triflate,  on  the  basis  of  NMR  evidence.  The  oxetane  is  a 
colorless  liquid  with  a boiling  point  of  31°  (l-5  mm). 
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The  availability  of  the  oxetane  offered  the  opportunity  to  prove  or 
disprove  the  proposed  mechanista  for  the  dimerization  of  the  above  nonotosy- 


f 


late.  Thus,  equimolar  amounts  of  the  rnonotosylate  and  the  oxetane  were  treated 
with  potassium  hydroxide  in  aqueous  dioxane.  The  tooylate  was  converted  rap- 
idly to  its  dimer  while  the  oxetane  was  unclianged.  Thus,  the  oxetane  was  not 
an  intermediate  in  the  dimerization. 

A comparison  of  the  reactivity  of  the  rnonotosylate  with  related  com- 
pounds was  made.  The  dimerization  of  the  rnonotosylate  with  KOH  in  aqueous 
dioxane  was  not  affected  by  the  addition  of  2-fluoro-2-nitropropanediol,  al- 
though the  reactivities  of  the  hydroxyl  groups  of  the  two  compounds  would  be 
expected  to  be  similar. 
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Other  displacement  reactions  of  the  tosylate  and  triflates  of  2-fluoro- 
2-nitropropanediol  were  examined  briefly.  Both  the  rnonotosylate  and  ditosylate 
reacted  with  sodium  azide  in  dimethyl  sulfoxide  at  65°  to  give  the  correspond- 
ing azido  derivatives.  These  were  identified  as  the  corresponding  triazoles 
obtained  by  the  cycloaddition  of  propiolic  acid.  The  direction  of  this  addi- 
tion was  not  established. 
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The  monotosylate  was  also  reacted  with  lithium  bromide  in  dimethyl 
sulfoxide  at  65°  to  give  3-bromo-2-fluoro-2-nitro-l- propanol.  An  attempted 
reaction  with  potassium  fluoride,  however,  was  unsuccessful.  Attempts  to 
react  the  ditosylate  with  potassium  cyanide  or  with  sodium  methoxide  also 
were  unsuccessful.  The  ditriflate  reacted  with  sodium  azide  in  dimethyl 
sulfoxide  to  give  the  diazide  quantitatively  at  room  temperature. 

An  investigation  of  the  reactivity  of  3-fluoro-3-nitrooxetane  was  also 
undertaken.  The  compound  did  not  react  with  potassium  hydroxide  and  2-fluoro- 
2-nitropropanediol  in  aqueous  dioxane.  The  oxetane  was  not  affected  by  boron 
trifluoride  etherate  in  chloroform,  or  by  methanolic  solutions  of  sulfuric  or 
triflic  acids.  However,  the  reaction  of  3-*‘luoro-3-nitrooxetane  in  methylene 
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chloride  with  triflic  acid  cave  2-fluoro-3-hydroxy-2-nitropropyl  trifluoro- 
methanesulfonate.  The  oxetane  also  reacted  with  concentrated  hydrochloric  acid 
to  give  3-chloro-2-fluoro-2-nitro-l-propanol. 
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The  polymerization  of  3-fluoro-3-nitrooxetane  was  accomplished  in 
methylene  chloride  solution  with  the  use  of  phosphorous  pentafluoriae  as  ca- 
talyst. The  product  is  a crystalline  polymer  soluble  in  dimethyl  formamide 
and  in  dimethyl  sulfoxide.  Its  molecular  weight  is  2500,  determined  by  va- 
por osmometry  in  dimethyl  formamide.  The  polymer  is  a aiol  on  the  basis  of 
NMR  hydroxyl  area.  DTA.  showed  a melting  point  (endotherm)  of  23^°  ana  onset 
of  decomposition  at  290°C.  The  density  of  the  material  is  1.5885. 

Work  was  initiated  with  the  objective  of  preparing  the  analogous  dinitro 
compounds.  The  reaction  of  2, 2-dinitro-l, 3-propanedicl  with  triflic  anhydride 
gave  the  corresponding  mono-  and  ditriflate: 
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III.  EXPERT MZKTAL 

Bls(2-fluoro-2,2-dinitropropyl)silanediol.  A mixture  of  0.50  g (1.45 
mmol)  of  bis(2-fluoro  2,2-dinitropropyl)polysiloxanes,  2-9  ml  of  1M  potassium 
hydroxide  and  5 ml  of  methanol  was  stirred  for  10  min.  The  resulting  solu- 
tion was  added  to  a mixture  of  15  ml  of  ether,  5 ml  of  1M  sodium  di hydrogen 
phosphate,  and  25  ml  of  water.  Hie  aqueous  phase  was  extracted  with  tnree 
15  ml  portions  of  ether,,  and  the  combined  ether  solutions  were  washed  with 
15  ml  of  water  and  with  12  ml  of  saturated  sodium  chloride  solution.  The 
solvent  was  removed  and  the  residue  was  dried  under  vacuum  for  30  sin  to  give 
0*51  g (97$)  of  bis (2- f luoro-2 , 2-dinitroprooyls ilanediol : NMR  ( CDC l^/f  3-^ 

(s,  2 H,  OH).  2.9  (m,  4 H,  CH£CF),  and  0.8  (m..  4 K.  CHgSl). 

Reaction  of  bis(2-fluoro -2,2-dinltropropyl)silanediol  with  chlorotri- 
methylsilane.  The  above  diol  (0.51  g,  1.40  mmol)  in  5 ml  of  ether  was  added 
with  stirring  to  a solution  of  O.96  g (8.85  mmol)  of  chlorotrimethylsilane 
and  O.87  g (8.6  mmol)  of  triethylamine  in  30  ail  of  ether.  After  30  min  20  mi 
of  water  was  added.  The  ether  layer  was  dried  and  stripped  of  solvent.  The 
residue  was  found  on  the  basis  of  NMR  to  contain  only  trimethylsiloxybis(3- 
fluoro-3, 3*dinitropropyl)silanol:  NKH  (CDCi^)52.8  (a,  4 R.  CHOCS')  2.75  (br.s, 
1 H.  OH),  O.83  (m,  4 K,  Cv Si)  0. 30  (s,  9 H,  CH^).  This  silanol  was  dissolved 
in  10  ml  of  ether  and  was  added  to  0.3  G (2*9  mmol)  chlorotrimethylsilane  and 
0.29  g (2.9  mmol)  of  triethylamine  in  20  ml  of  ether.  The  mixture  was  stirred 
for  16  hrs  and  was  then  washed  with  water.  After  the  ether  was  stripped,  the 
residue  was  extracted  with  Skelly  F,  in  which  it  was  partially  soluble. 

Column  chromatography  (silica  gel,  CCl^  5$  CHgClp)  of  the  material 
soluble  in  Skelly  F yielded  0.26  g (35$)  of  bis(trimethylsiloxy)bis- (3-fluoro- 
3, 3-ainitropropyl)silane,  a colorless  oil:  NMR  (001^)^2.30  (m,  4 H,  CHgCF), 
0.80  (m,  4 II,  Ci:2Si ) and  0.30  (s.  18  H,  (CH^Si);  IR  (film)  2970,  1590,  1320, 
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1260,  1070.  850,  805  and  760  cm' 

Anal.  Calcd  for  c12H26K^°10Si3F2 : C'  28*34;  H’  5-15  N'  i;L-02'  Found: 

C.  30.12,  H,  5-27;  H.  10.88. 

Chromatography  (silica  gel,  CJ^C^)  of  the  material  insoluble  in  Skelly 
F yielded  0.34  g (55^>)  of  trimethyls iloxy  bis(3-fluoro-3, 3-dinitropropyl)di- 
siloxane,  mp  132-3°;  NMR  (CDCl^)  c^2.60  (m,  8 K,  GlgCF),  0.80  (m,  8H,  Ch^Si) 
and  0.30  (s,  18  H,  (CH^Si);  IR  (KBr)  2970,  1590,  1320,  1260,  1220,  1070, 

850,  810  and  760  cm 

Anal.  Calcd  for  C^H^N^O^Si^ : C,  25-28,  H,  4.00;  N,  13-16.  Found: 

C,  25.58,  H,  4.02;  N,  13.24. 

Bis(3-fluoro-3> 3-dinitropropyl)polysiloxane.  Bromine,  3-2  g,  (20  mmol) 
was  added  to  2.5  g (5.16  mmol)  of  bis-(3-fluoro-3, 3-dinitropropyl)diphenyl- 
silane  in  20  ml  of  acetic  acid.  After  the  solution  was  refluxed  for  45  min, 
an  additional  0. 5 g of  bromine  and  10  ml  of  water  were  added.  The  mixture 
was  heated  to  100°  for  10  min  and  was  allowed  to  stand  at  ambient  temperature 
overnight.  The  mixture  was  added  to  100  ml  of  water  and  was  extracted  with 
methylene  chloride.  One  drop  of  triethylamine  was  added.  Filtration  gave 
1.52  g (85$)  of  bis-(3-fluoro-3, 3-dinitropropyl)polysiloxane  (MW  = 1250). 


Reaction  of  3is(N-pyrrolidino-N'-phenylureido)dimethylsilane  with  Bis- 
(2-fluoro-2,2-dlnitropropyl)silanediol.  A flame  dried  50  ml  flask  fitted  with 
a magnetic  stirrer  and  septum  adaptor  was  charged  with  a solution  of  7*8  mmol 
of  bis(H-pyrrolidino-N' -phenylureido)dimethylsilane  in  10  ml  of  chlorobenzene, 
and  the  solution  was  cooled  to  0°.  A solution  of  2.80  g (7*7  mmol)  of  bis(2- 
fluoro-2,2-dinitropropyl)silanediol  in  10  ml  of  ether  was  added  dropwise  by 
syringe  with  stirring  at  0°.  The  mixture  was  stirred  at  ambient  temperature 
for  1 hr.  Solvent  was  removed  under  vacuum,  and  30  nil  of  chloroform  was  ad- 


17 


ded.  The  chloroform  layer  was  decanted  from  insoluble  material.  The  chloro- 
form was  removed  and  the  residue  was  washed  with  ether  and  chloroform  was  ad- 
ded. Tne  resulting  insoluble  material  was  combined  with  the  original  chloro- 
form-insoluble material.  Tne  material  was  dissolved  in  methylene  chloride 
and  precipitated  with  chloroform  to  give,  after  vacuum  drying,  1.38  3 (43^)  of 
polymer  with  a molecular  weight  of  4,44o.  The  material  was  a tacky  pale  yellow 
resin  with  a ratio  of  dimethylsilyl  to  fluorodinitropropylsilyl  units  of  O.90 

(nmr) . 

2-Fluoro-2-nitro-l, 3-pnopanediol.  A.  A suspension  of  89.2  g (0.40  mole 
of  diethyl  fluoronitromalonate  in  80  ml  (l.O  mole)  of  37 1°  aqueous  formaldehyde 
was  cooled  in  an  ice-bath  to  2°C.  A solution  of  66.0  g (l.60  mole)  of  sodium 
hydroxide  in  400  ml  of  water  was  then  added  dropwise  with  vigorous  stirring 
over  100  minutes,  below  10°C.  After  the  reaction  mixture  was  stirred  overnight 
in  an  ice-bath,  it  was  filtered  and  the  filtrate  was  extracted  with  ethyl  ace- 
tate (3  x 1000  ml).  The  ethyl  acetate  solution  was  dried  over  sodium  sulfate 
and  distilled  (0. 17  mm/l70°  bath)  to  give  25*5  S (45-9$)  of  2-fluoro-2-nitro-l,  3- 
propanediol:  mp  86-8j°C;  ^HNMR  (acetone-Dg)  3*90  (d,  J=6  Hz,  2 H,  -d^-),  4.20 
(t,  J=  6 Hz,  2 H,  -CHg-) , 4.80  (t,  J=  6 Hz,  2 H,  -OH);  19FNMR  (acetone-Dg)  j) 
145.6  (quintet,  J=  l6  Hz).  IR(CH2C12)  3620  (-0H),  1575,  1335  (-HOg),  1040  cm'1 
(C-F). 

B.  To  a suspension  of  24.5  g (0.11  mol)  diethyl  fluoronitro- 
malonate and  8.8  g (0.275  mol)  of  paraformaldehyde  in  110  ml  of  me- 
thanol, at  -9°C,  was  added  7-28  (0.11  mol)  of  potassium  hydroxide  in 
55  ral  of  methanol  dropwise  over  27  minutes.  After  45  minutes,  the 
reaction  temperature  was  raised  to  0°.  No  precipitate  remained 
after  1 hr.  The  reaction  mixture  was  diluted  with  330  ml  of  water  and 
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the  pK  was  adjusted  to  5 with  concentrated  hydrochloric  acid.  The  reaction 
raixture  was  saturated  with  sodium  chloride  and  extracted  with  ethyl  acetate 
(3  x 275  ml).  The  ethyl  acetate  solution  was  dried  and  stripped.  Toluene 
was  twice  added  and  removed  in  vacuo  to  leave  12.3  g of  semisolid  residue. 
Vacuum  distillation  gave  6.99  0 (^5-7$)  of  2-fluoro-2-nitro-l, 3-propanediol. 

2-Fluoro-3-hydroxy-2-nitro-l- propyl  p-Toluenesulfonate.  To  a refluxing 
solution  of  2.78  z (0.020  mol)of  2-fluoro-2-nitro-l, 3-propanediol  and  1.6  ml 
(0.020  mol)  of  pyridine  in  28  ml  of  chloroform  was  added  dropwise  over  2-1/2 
hours  a solution  of  1.91  g(0.010  mol)  of  p-toluenesulfonyl  chloride  in  28  ml 
of  chloroform.  Refluxing  was  continued  for  3 hours  and  then  the  reaction  mix- 
ture was  stirred  at  room  temperature  for  15  hours.  As  TLC  indicated  that  some 
p-toluenesulfonyl  chloride  remained,  the  reaction  mixture  was  refluxed  an  addi- 
tional 2 hours.  The  chloroform  solution  was  washed  w'ith  10  ml  of  water,  with 
two  10  ml  portions  of  1.0  M HC1,  and  then  with  10  ml  of  water,  and  was  dried 
over  sodium  sulfate.  Removal  of  the  chloroform  gave  2.6  g of  a white  solid, 
which  was  recrystallized  from  26  ml  of  methylene  chloride  and  30  ml  of  Shelly  F 

to  give  1.6  g of  2-fluoro-3-hydroxy-2-nitro- 1-propyl  p-toluenesulfonate.  A 

1 

second  recrystallization  gave  an  analytical  sample:  mp  88-89°;  KM®  (CDCl^) 
£2.40  (s,  3 H,  CII3),  2.90  (broad  s,  1 H,  -OH),  4.00  (d,  J=  16  Hz,  2 K,  -CHg-OH), 
4.52  (d,  J=  16  Hz,  2 H,  -CH2-OTs);  7-40  (m,  5 H,  Ph)  19FKMR  (CDCl^)  <j>  138.8 
(quintet,  J=  16  Hz).  JR  (CHgClg)  3620  (-0H),  1585  (N02),  1380,  1195,  ll80 
(-0S02-(g^CH3),  1020  cm"1  (C-F). 

Anal.  Calcd  for  ^QH^FiBOg:  C,  40.96;  H,  4.12;  N,  4.78.  Found:  C,  40.77; 
H,  4.11;  N,  4.57. 

The  mother  liquor  from  the  above  crystallization  was  chromatographed 
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(silica  cel,  CHpClp-EtCAc)  to  give  an  additional  0.63  g of  monotosyiatc,  for 
a combined  yield  of  2.28  g (77.8$),  and  0.44  g (lO.Og)  of  the  corresponding 
ditosylate. 

The  water  extract  and  the  first  acid  extract  were  combined  and  extracted 

with  ethyl  acetate  (3  x 20  ml).  The  solution  was  dried  over  sodium  sulfate, 

and  ethyl  acetate  was  removed  to  give  1.3  g of  2- fluoro-2-nitro-l, 3- propanediol. 

* 

2-Fluoro-2-nitro-l, 3-propylene  Di-p-toluenesulfonate.  To  a solution  of 
1.12  g (8.0  mmol)  of  2-fluoro-2-nitro-l, 3-propanediol  in  20  ml  of  pyridine  was 
added  dropvise  over  15  minutes  with  stirring  6.10  g (32.0  mmol)  of  p-toluene- 
sulfonyl  chloride  in  20  ml  pyridine.  After  17  hours,  the  reaction  mixture  was 
poured  into  240  ml  of  ice  water.  The  resulting  solid  precipitate  was  filtered 
and  washed  with  water  and  with  Shelly  F.  The  combined  filtrate  and  water  wash 
was  extracted  with  methylene  chloride  (2  x 50  ml),  and  the  methylene  chloride 
extract  was  then  washed  with  cold  5 0$  aqueous  hydrochloric  acid  (2  x 50  ml) 
and  with  50  ml  of  water.  The  methylene  chloride  was  dried  and  in  vacuo  to  give 
0.3  g of  a syrup.  The  above  solid  and  the  syrup  were  combined  and  recrystallized 
from  40  ml  of  ethanol  to  give  2.05  5 of  ditosylate.  The  mother  liquor  was 
stripped  and  the  residue  was  crystallized  from  8 ml  ethanol  to  give  an  addi- 
tional 0.35  S for  a combined  yield  of  2.40  g (67.1)0)  of  2-fluoro-2-nitro-l, 3- 
propylene  Di-p-toluenesulfo.nate.  An  analytical  sample  was  recrystallized  from 
ethanol:  mp  90-91°;  HNMR  (CDCi^) S 2.43  (s,  6 H,  CHj),  4.47  (d,  J=  l6  Hz,  4 H, 
-CHg-),  7.43  (a,  10  H,  Ph);  19FNMR  (CDClj)  <j>  136.8  (quintet  J=  16  Hz). 

Anal.  Calcd  for  C^H^FNS  0^:  C,  45.63;  H,  4.06;  H,  3.13.  Found:  C, 

45.64;  H,  4.17;  N,  3-17. 

2,6-Difluoro-7-hydroxy-2>6-dinitro-4-oxa-l-heptyl  p- Toluene sulfonate.  To 
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a solution  of  0.147  Z (0. 50  mmol)  2-f luoro-3-hydroxy-2-nitro-l- propyl  tosylate 
in  0.75  nil  of  dioxane  and  0.20  ml  of  HgO  was  added  0.55  ml  of  a 1.0  M KCH  solu- 
tion. After  the  mixture  was  stirred  at  room  temperature  for  1 hour,  3-5  ial  of 
water  was  added  and  the  product  was  extracted  with  ethyl  acetate  (2  x 5 ml), 
and  dried  over  sodium  sulfate.  Removal  of  ethyl  acetate  in  vacuo  gave  0.101  g 
(97.6$  crude  yield)  of  a product  which  contained  only  trace  impurities.  Puri- 
fication was  effected  by  an  analytical  sample  prepared  by  TIC  (4 ilCH-Clg-EtCAc) , 
followed  by  crystallization  from  methylene  chloride-Skelly  F:  mp  89-90°;  HNMR 
(CDCl3)r>2.43  (s,  3 H,  CH^),  4.03  (d,  J=  16  Hz,  7 H,  3 x CH2;-0H),  4.43  (d,  J* 
16  Hz,  2 H,  aig-OTs)  7.40  (m,  5 H,  Ph);  19FHMR  (acetone)  14 0.6  (broad  s,  1 F), 
142.2  (broad  s,  1 F).  IRfO^CIg)  3625  (-CH),  1580  (-NOg),  1380,  1195,  1180 
(-0-S02_^_  <T,),  1030  cm-1  (C-F). 

Anal.  Calcd  for  ci3Hi6F2N2S°9:  C,  37-68;  H,  3-89;  N,  6.76.  Found:  C, 
38.79;  H,  4.18;  N,  6.90. 

3-Azido-2-flucro-2-nitro-l-propanol.  A solution  of  C.293  S (l-0  mmol)  of 
sodium  azide  in  3 ml  of  dimethyl  sulfoxide  was  heated  in  a 55-60°C  bath  for  66 
hrs.  The  reaction  mixture  was  cooled,  diluted  with  18  ml  of  water,  and  ex- 
tracted with  methylene  chloride  (3  x 10  ml).  The  methylene  chloride  solution 
was  washed  with  water  (2  x 10  ml)  and  dried  over  sodium  sulfate.  Removal  of 
the  methylene  chloride  left  0. 110  g of  a yellow  oil,  which  was  found  by  HI© 
to  contain  some  monotosylate  and  some  DI<S0,  as  well  as  3-&zido-2-fluoro-2-nitro- 
1- propanol : ^HHMR  (CDCl3)6  3-90  (d,  J=  l6  Hz,  2 H,-CH20H),  4.00  (d,  J=  l6  Hz, 

2 H,  -CHg-N^)  (the  tv/o  doublets  overlap  and  appeared  as  a pseudoquartet); 

19FIJMR  (CDC13)  (j)  137-0  (quintet,  J=  l6  Hz).  IR  (CDCLj)  2150  (-N^),  1565, 

1360  cm  (-K0o). 
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The  crude  aside  (0. 110  g)  and  *0?0  g (0.7  mol)  propiolic  acid  were  dis- 
solved in  0.6  ml  chloroform.  After  standing  at  room  temperature  for  5^  hours,  the 
resulting  solid  was  filtered  and  washed  with  chloroform  to  give  0.054  g of  1- 
(2-f luoro- 3-hydroxy-2-nitro-propyl ) -4- ( or  5-)- carboxy- 1, 2, 3-triazole . After 
several  days  an  additional  0.023  K deposited  from  the  chloroform  solution  for 
a combined  yield  of  0.077  g • Recrystallization  of  a portion  from  acetonitrile- 
carbon  tetrachloride  gave  an  analytical  sample:  mp  175-177°;  (acetone-Dg) 

<*4.23  (m,  J=  16  Hz,  CH20H)  5-53  (m,  J=  1 6 Hz,  CHg-N-),  7.27  (broad  s,  1 H, 

COgH),  8.33  (s,  1 H,  triazole),  FHMR  (acetone-Dg)  ^ 139*2  (quintet,  J=  16  Hz). 

Anal.  Calcd  for  CgHyFN^ : C,  30*78;  H,  3. 01;  N,  23*93*  Found:  C,  31*30; 

H,  2.91;  N,  24.75. 

3-Bromo-2-fluoro-2-nitro-l-propanol.  A solution  of  0.293  £ (l*0  mmol)  of 
2-fluoro-3-hydroxy-2-nitro-l-propyl  tosylate  and  0.26l  g (3*0  mmol)  of  lithium 
bromide  (dried  overnight  at  l40°C)  in  3*0  ml  of  dimethyl  sulfoxide  was  stirred 
in  a 65  C bath  for  5 days.  No  starting  material  was  detected  by  rNMR  after 
2 days.  The  reaction  mixture  was  cooled,  diluted  with  27  ml  of  water  and  ex- 
tracted with  methylene  chloride  (3  x 15  ml).  The  methylene  chloride  solution 
was  washed  with  water  (5  x 25  ml)  and  dried  over  sodium  sulfate.  Removal  of 

methylene  chloride  in  vacuo  gave  0.048  g (23*7$)  of  essentially  pure  3-hromo- 

1 t 

2-fluoro-2-nitro-l-propanol  as  a brown  syrup:  HNMR  (CDC1-) 2.63  (broad  s, 
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1 H,  -OH),  4.03  (m,  4 H,  -CHg-)j  FNMR  (DI-EO)  <|)  134.2  (quintet,  J=  16  Hz). 

1, 3-Dlazido-2-fluoro-2-nitropropane.  A.  A solution  of  0.447  g (l.O  mmol) 
of  2-fluoro-2-nitro-l, 3-propylene  ditosylate  and  0.200  g (3.0  mmol)  of  sodium 
azide  in  5 nil  of  dimethyl  sulfoxide  was  heated  in  a 65°  bath  for  20  hours.  The 
reaction  mixture  was  cooled,  diluted  with  45  ml  of  water  and  then  was  extracted 
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with  methylene  chloride  (3  x 20  ml).  The  methylene  chloride  solution  was 


r T 

washed  with  water  (5  x 30  ml)  and  then  was  dried  over  sodium  sulfate.  Removal 
of  methylene  chloride  in  vacuo  gave  0.184  g (97-4$  yield)  of  1, 3-diazido-2- 
fluoro-2-nitroprcpane  (no  impurities  in  "SlNMR)  as  a yellow  oil:  HNMR  (CDClg) 
53-87  (d,  J=  16  Hz);  19FNMR  (CDClg)  <j)  133.8  (quintet,  J=  l6  Hz).  IR  (CDCl^) 
2150  (-N3),  1580,  1320  (-N02)  cm'1. 

The  azide  (0.184  g)  and  0.159  g (2.27  mmol)  of  prcpiolic  acid  were  dis- 
solved in  1.0  ml  of  chloroform.  After  standing  at  room  temperature  for  54 
hours,  the  resulting  solid  was  filtered  and  washed  with  chloroform  to  give 
0.234  g of  1, 3-Ms  £l-(4-(  or  5- )-carboxy-l, 2, 3-triazolofj  -2-fluoro-2-nitropro- 
pane.  An  analytical  sample  was  crystallized  from  acetonitrile-carbon  tetra- 
chloride: mp  163-1700;  HNMR  (acetone-Dg) 3 5*77  (m,  4 K,  -CS^-)*  7-73  (s,  2 H, 
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C0„H),  8.57  (s,  2 H,  triazole);  FNMR  (acetone-Dg)  134.0  (quintet,  J=  l6  Hz). 

Anal.  Calcd  for  C^HgFN^:  C,  32.84;  K,  2.45;  N,  29.78.  Found:  C,  31.84; 
H,  2.65;  N,  29.21. 

B.  A solution  of  0.407  g (l.O  mmol)  of  2-fluoro-2-nitro-l, 3-propylene 
ditriflate  and  0.225  6 (3-3  mmol)  of  sodium  azide  in  5-5  ml  of  dimethyl  sulf- 
oxide was  stirred  at  room  temperature  for  22  hrs,  diluted  with  50  ml  of  water, 
and  then  extracted  with  methylene  chloride  (3  x 17  ml).  The  methylene  chloride 
solution  was  washed  with  water  (5  x 25  ml)  and  dried  over  sodium  sulfate.  Re- 
moval of  the  methylene  chloride  in  vacuo  gave  0.195  S (100$)  of  a brown  liquid, 

1 

which  was  shown  by  HNMR  to  contain  only  1, 3-dJazido-2-fluoro-2-nitropropane 
and  trace  Impurities. 

2-Fluoro-3-hydroxy-2-nitro-l- propyl  Triflate.  To  a solution  of  17.4  3 
(0.124  mol)  of  2-fluoro-2-nitro-l, 3-propanediol  and  6.0  ml  (O.C'Jk  mol)  of  pyri- 
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dine  in  210  ml  of  ether,  was  added  10.9  nil  (O.C65  mol)  of  "triflic  anhydride 
in  210  ml  of  ether  dropwise  over  25  minutes.  The  reaction  temperature  was 
kept  below  26°C.  After  l6  hrs  of  stirring,  the  resulting  precipitate  was  fil- 
tered and  washed  with  ether  (2  x 40  ml).  Removal  in  vacuo  of  the  etner  gave 
26.2  g of  a white  solid,  which  was  partitioned  between  300  ml  of  methylene 
chloride  and  60  ml  of  water.  The  methylene  chloride  layer  was  separated, 
washed  with  30  ml  ’water,  dried  over  sodium  6ulfate,  and  applied  to  a 125  g 
silica  gel  column  (methylene  chloride).  Elution  with  500  ml  of  methylene 
chloride  gave  2.216  g (8.9^)  of  ditriflate,  and  further  elution  with  500  ml 
of  9:1  methylene  chloride-ethyl  acetate  gave  13-26  g (78. 9f>)  of  the  monotri- 
flate.  An  analytical  sample  was  re crystallized  from  methylene  chloride  - 
Skelly  F at  -10°  to  give  a colorless  hygroscopic  solid:  mp  29-30°; 

(CDCl^) 3 2.65  (broad  s,  1 H,  -OH),  4.10  (d,  J=  14  Hz,  2 H,  CH?0H),  5. 07  (m, 

J=  14  Hz,  2 H,  CH20-S02CF3);  19FNMR  (CDCU)  j)  72.0  (s,  3 F,  CF3),  139.4  (quin- 
tet, J=  14  Hz,  1 F,  OgN-C-F) ; IR  (CHgClg)  3625  (-0H),  1580,  1350  (-NOg),  1420, 
1220,  1140,  900  (-0S02CF3),  1000  cm'1  (C-F). 

Anal.  Calcd  for  <yi  F^NSO^:  C,  17.22;  H,  1.86;  N,  5.17.  Found:  C,  17-82; 

H,  1.75J  N,  5.31. 

The  combined  water  washes  were  extracted  with  ethyl  acetate  (3  x 100  ml). 
The  product  was  dried  by  twice  adding  toluene  and  removing  in  vacuo,  leaving 
8.7O  g of  recovered  2-fluoro-2-nitro-l, 3-propanediol. 

2-Fluoro-2-nitro-l, 3-propylene  Ditriflate.  To  a solution  of  5 .8  g (0.02 
mol)  of  triflic  anhydride  in  10  ml  of  chloroform  was  added,  dropwise  over  20 
minutes,  a solution  of  1.39  E (0.010  mol)  of  2-fluoro-2-nitro-l, 3-propanediol 
and  1.8  ml  (0.022  mol)  of  pyridine  in  10  ml  of  chloroform.  Water  bath  cooling 
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was  used.  After  3 hrs,  the  cnloroform  solution  was  washed  with  ice-water 
(2  x 10  ml),  dried  over  sodium  sulfate,  and  stripped  in  vacuo  to  give  3-2  g 
of  a solid  residue.  The  residue  was  applied  to  a 64  g silica  gel  column  (me- 
thylene chloride),  and  eluted  with  methylene  chloride.  The  first  300  ml  con- 
tained 2.80  g (75*5$)  of  2-fluoro-2-nitro-l, 3-propylene  ditriflate.  An  ana- 
lytical sample  was  recrystallized  from  methylene  chloride- Skelly  F:  rap  57-58° 
C;  ^HNMR  (CDCl^O  4.93  (d,  J=  14  Hz);  19FNMR  (CDCl^  \>  71-8  (s,  6 F,  CF^, 
136.7  (quintet,  J=  14  Hz,  2 F,  OgN-C-F).  1R  (CHgClg)  1595,  1320  (-UOg),  1420, 
1220,  1140,  900  (OSO^CF^),  10005  cm"1  (C-F). 

Anal.  Calcd  for  C^H^F^NSgOg : C,  14.90;  H,  1.00;  N,  3-^7*  Found:  C, 

15. 30;  H,  0.91;  N,  3.6l. 

3-Fluoro-3-nitrooxetane.  A.  To  a solution  of  0.271  g (l.OO  mol)  of  2- 
fluoro-3-hydroxy-2-nitro-l-propyl  triflate  in  2c  ml  of  water  was  added  1.00  ml 
of  1.0  M KOH.  After  1 hr,  the  reaction  mixture  was  extracted  with  methylene 
chloride  (2  x 10  ml).  The  solution  was  dried  over  sodium  sulfate,  and  the 
methylene  chloride  was  distilled  off  to  leave  an  orange  liquid  residue.  Pre- 
parative GLC  (8  ft  x 0.375  in-  column  of  12$  QF-1  on  Chromosorb  W,  100°C)  gave 

0.017  6 (l4.0$)  of  3-fluoro-3-nitrooxetane:  HlNMR  ( CDi'l  ) d 4. 97  (sextet); 

19 

FNMR  (CDC1  ) <j>  127.7  (quintet,  J=  l4  Hz);  IR  (CHgO^)  1575,  1345  (-N02), 

-1  24.5 

1000  (C-F)  cm  ; = 1.4281. 

Anal.  Oiled  for  CgH^FNOg : C,  29-76;  H,  3-33;  N,  11. 58.  Found:  C,  30.13; 
H,  3-35;  N,  12.07. 

B.  To  a solution  of  5-*+2  g (0.020  mol)  of  2-fluoro-3-hyuroxy-2-nitro- 

1 -propyl  triflate  in  36  ml  of  methylene  chloride  was  added  a solution  of 

3.1  ml  (0.0207  mol)  of  l,5-diazabicyclo(5.4.0)  undec-5-ene  (DBU)  in  18  ml 

1 
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methylene  chloride  dropwise  over  12  min  (below  24°).  The  reaction  mixture  was 
stirred  for  75  minutes.  Chromatography  on  a 30  6 silica  gel  column  and  elution 
with  methylene  chloride  cave  2 g of  crude  oxetane.  Vacuum  distillation  gave 
1.486  g (6l.4$)  of  3-i'luoro-2-nitrooxetane : bp  31°  (l-5  mm).  The  use  of  the 
silica  gel  column  for  removal  of  the  DBU  triflic  acid  salt  was  employed  as  the 
salt  was  not  extracted  from  methylene  chloride  by  water. 

Reaction  of  2-Fluoro-3-hydroxy-2-nitro- 1-propyl  Triflate  with  Pyridine.  To  a 
solution  of  0.068  g (0.25  mmol)  of  2-fluoro-3-hydroxy-2-nitro-l- propyl  triflate 
in  0.70  ml  of  CDCl^  was  added  40  ^pl  (0.50  mmol)  of  pyridine.  After  24  hrs 

3_o 

rNMR  indicated  the  almost  complete  replacement  of  the  quintet  at  139-6  ppm 

and  doublet  at  73-2  ppm  of  the  monotriflate.  After  4 days  the  disappearance 

of  the  monotriflate  was  complete:  HNMR  (CDC1  )^4.05  (broad  d,  2 H,  CKp-OH- ) ; 
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4.78  (broad  s)  and  5-^2  (broad  d)  (3  H,  CK2-N-  and  -OH);  FHMR  (CDC1-)  j)  77-4 
(s),  136.4  (quintet,  J=  l6  Hz). 

^-Chloro-2-fluoro-2-nitro-l-'oronanol.  To  0.062  g (0.5  mmol)  of  3-fluoro- 

3-nitrooxetane  was  added  0.5  ml  of  concentrated  hydrochloric  acid.  After  6 min 
19 

^FNMR  indicated  no  oxetane  remained.  After  140  min,  the  reaction  mixture  was 
diluted  with  4.5  ml  of  water,  neutralized  with  potassium,  hydroxide,  and  ex- 
tracted with  methylene  chloride  (3x5  ml).  After  the  solution  was  dried  over 
sodium  sulfate,  the  methylene  chloride  was  removed  iji  vacuo  to  give  O.O37  S 
(48. 0jo)  of  essentially  pure  3-chloro-2-fluoro-2-nitro- 1-propanol  as  a brown 
liquid:  ^HMR  (CDCl3)i2.47  (broad  s,  1 H,  -OH);  4.12  (m,  4 H,  CH2);  19FHMR 
(CDCI3)  (Ji  136.8  (quintet,  J=  16  Hz). 

Reaction  of  2,2-Dinitro-l, 3-propanediol  with  Triflic  Anhydride.  To  a 
a solution  of  1.66  g (0.010  mol)  of  2,2-dinitro-l, 3-propanediol  and  0.8l  ml 
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(0.010  nol)  of  pyridine  in  15  ml  of  ether,  was  aided  1.70  ml  (0.C10  mole) 

1o0 

of  triflic  anhydride  in  15  ml  of  ether  dropwise  over  9 minutes  at  12-lo  . 

The.  reaction  mixture  was  stirred  at  room  temperature  for  2 hrs.  The  result- 
ing precipitate  was  then  filtered  and  washed  with  ether.  Removal  of  the  ether 
in  vacuo  gave  3-0  g of  a yellow  liquid,  which  was  taken  up  in  20  ml  of  methyl- 
ene chloride.  The  solution  was  dried  over  sodium  sulfate  and  stripped  of  sol- 
vent. Chromatography  (60  g silica  gel),  on  elution  with  100  ml  of  CHgCL, 
and  50  ml  of  95=5  CHgCl^-EtQAc  gave  0.607  g (l4.0$)  of  2,2-dinitro-l, 3-propylene 
ditriflate:  mp  51-52°;  HHMR  (CDClj£5.26  (s);  FUMR  (CDClJ  6 72.0  (s);  IR 
(CH2C12)  1590,  1305  (-N02),  1425,  1220,  1140,  930  (-0S02CF3),  1000  cm"1  (C-F). 
Elution  with  9:1  O^C^-EtOAc  gave  1.395  g (46. 8p)  of  2, 2-dinitro- 3-hydroxy- 
l-propyl triflate:  mp  42-43°C;  KNMR  (CDCl^) ^ 2.76  (broad  s,  1 H,  -OH);  4.52 
(s,  2 H,  CH2-0-H);  5.21  (s,  2 H,  -CK2-0-S02CF3) ; FNMR  (CDC13)  (j)  72.4  (s); 

IR  (CHgClg)  3620  (-0H),  1585,  1320,  (-N02),  1420,  1220,  1140,  840  (-0S02CF3), 

995  cm"1  (C-F). 


IV. 
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Appendix  A 


Synthesis  of  Organosilanes  and  Polysiloxancs  with  Nitro  and  Fluoro 

Substituents1 
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Nitrite  ion  displacement  of  (3-bromopropvl)trime'.hylsilane.  (4-bromobiityl)!rimethyKihne,  end  (3  bromob- 
utylltrimethylsilane  cave  the  corresponding  nitro  con.peuniis,  which  on  oxidative  nitration  gave  the  ecru -dimtro 
compounds.  Fluorination  of  salts  of  (3,3-dinitropropylltrimethylsilane  and  MA-dinitrohutylttrirr.ethvtsilane  with 
elementaJ  fluorine  or  perchlory!  fluoride  pave  (3-fiuoro-3,3-dinitropropylttrimethylsi!ane  and  (4-fluorn-4.4-dim- 
trobutyl)trimethy!silane.  Trimethylsilylmethyl  triflate  and  2-nuoro-2.2-dinitroethanol  cave  trimeth>hilvlmethyl 
2-fluoro-2,2-dinitroethyl  ether.  Nitrite  displacement,  oxidative  nitration,  and  fluorination  converted  (3-brr.mopro- 
pyDmethyldiphenvIsilane  to  (.'l-niioro-3.3  dinitropropyDineth>idiph-nylsilane.  and  dephe.nvlation  with  bromine 
gave  (3-fluoro-3,3-dinitropropyllmethyldihromosilane.  which  was  hydrolyzed  to  give  polvsiloxanes.  The  latter 
reacted  with  hydrofluoric  acid  to  give  (3-fluoro-3.3-dinitropropyl!methy!difluorosilane.  which  with  sodium  meth- 
oxide  and  aqueous  acid  gave  the  corresponding  difluorodisiloxane.  Bis(3-bromopropylldiphenylsi!ane  w as  convert- 
ed to  bis(3-fluoro-3,3-dinitropropyl)diphenylsilane.  Stepwise  dephenylation  wr  b bromine  and  hydrolysis  gave  the 
cyclic  trisiloxane. 


Although  the  chemistry  of  organosilicon  compounds  has 
been  studied  extensively,2  few  examples  of  this  class  of  com- 
pounds with  nitro  substituents  are  known.  The  hydrnsilyla- 
tions  of  3-nitropropene,  4,4,4-trinitrohutene,  and  4.4-dini- 
trobutene  with  trichlorosilane  and  methvldichlorosilane  have 
been  reported,3'4  and  patent  literature  describes  N-jOs  addi- 
tion to  allylsilanes5  and  silver  nitrite  displacement  of  (3-io- 
dopropyl)triethovysilane.6The  most  commonly  used  methods 
of  forming  carbon-silicon  bonds,  the  reaction  of  Grignatd 
reagents  and  similar  organometallics  with  silicon  halides  and 
the  reaction  of  elemental  silicon  with  aikyl  halides  at  high 
temperatures,  are  not  compatible  with  nitro  substituents. 

The  present  study  involved  the  synthesis  of  pem-dinitro- 
and  fluorodinitrosilanes  and  polvsiloxanes  bv  the  stepwise 
introduction  of  nitro  and  fluorine  moities.  Polvsiloxanes  are 
usually  obtained  by  the  hydrolysis  of  silicon-halogen  bonds, 
and  these  bonds  are  not  stable  to  displacement,  nitration,  and 
fluorination  reaction  conditions.  A hydrolytically  stable  silicon 
blocking  group  is  therefore  needed. 

Convenient  starting  materials  for  the  synthesis  of  simple 
nitrosilanes  are  (3 -bromopropyl)  trim  ethyls!  lane."  (4-bro- 
mobutylltrimethylsilane,8  and  (3-bromohutyl)trimethvlsii- 
ane.®  Kornblum9  has  reported  that  the  reaction  of  alkyl  bro- 
mides with  sodium  nitrite  in  dimethyl  sulfoxide  gives  ni- 
troalkanes,  with  alkyl  nitrites  as  byproducts.  These  trimeth- 
ylsilyl  compounds  underwent  this  displacement  reaction 
normally. 

N.NOj 

(CH3)3Si(CH2)„Br  (CH:()3Si(CH,)nN02 

M.jSO 

+ (CH3)3Si(CH2)nONO 

n = 3,4 

(CH,)3SiCH2CH2CHBrCH3 

— (CH3)aSiCH2CH2CH(NO,lCHi 

+ (CH3):.SiCH2CH2CH(ONO)CH3 

The  oxidative  nitration  reaction10  was  applied  to(3-nitro- 
propvDtrimethylsilane,  (4-nitrobutylltrimethvlsilanc,  and 
(3-nitrobutylHrimethylsilnnetopreparu(3,3-dinilropropyll- 
trimethylsilanc,  (4,4-«linitrohutyl)trimelhylsilane,  and 
(3,3-dinitrobutylltrimethylsilane,  respectively.  Yields  were 
67-72%. 


(CH3)3SKCH2)„CH2N02 

AgNOi 

— ► (CH3l3Si(CH2)„CH(N02)2 

N*NOj,  OH- 

n = 2,3 

(CH3)3SiCH2CH2CH(N02)CH3 

- (CH3l3SiCH2CH2C(N02)2CHi 

The  direct  fluorination  of  terminal  pem-dinitro  compounds 
in  aqueous  alkaline  solution  was  reported  previously  to  give 
fluorodinitro  compounds.11  This  reaction  with  (3.3-dini- 
tropropylltrimethylsilane,  using  the  theoretical  amount  of 
base,  gave  (3-fluoro-3,3-dinitropropyl)trimethylsilane  in  31% 
yield.  In  the  fluorination  of  (4,4-dinitrohutyDtrimethylsilane, 
after  fluorine  uptake  ceased,  additional  base  and  fluorine  were 
added;  a 61% yield  of  (4-fIuoro-4.4-dinitrobutyl)trimethylsi- 
lane  was  obtained.  A difficulty  in  these  reactions  was  that 
dilute  solutions  were  used  because  of  low  solubility  of  the  ni- 
tronate  salts  in  water,  and  acid  was  formed  by  competing 
fluorination  of  water.  Another  fluorination  reagent  that  has 
been  used  with  dinitro  compounds,  perchloryl  fluoride,12  al- 
lows the  use  of  a broader  range  of  solvents.  This  reagent  was 
used  to  fluorinate  the  potassium  salt  of  (3,3-dinitropropyll- 
trimethylsilane  in  equal  parts  of  water,  methanol,  and  di- 
methylforroamide.  The  fluorodinitro  compound  was  obtained 
in  85%  yield. 

(CH3)3Si(CH2)„CH(N02)2  - (CH3)3Si(CH2)nCF(N02)2 

n =2,3 

A fluorodinitroalkylsilane  with  an  ether  linkage  was  ob- 
tained by  the  alkylation  of  2-fluoro-2.2-dinitroethanoI.  Alkyl 
triflates  are  sufficiently  reactive  to  alkylate  this  alcohol  in 
methylene  chloride  in  the  presence  of  a mild  heterogeneous 
base  such  as  potassium  carbonate.13  Under  these  conditions, 
trimethylsilylmethyl  triflate  and  2-fluoro-2.2-dinitroethanol 
gave  trimethylsilylmethyl  2-fluoro-2.2-dinitroethyl  ether.  This 
triflate  was  prepared  by  the  reaction  of  trifluoromethan- 
esulfonic  anhydride  with  (hydroxymethvl)trimethylsilane, 
obtained  by  the  published  procedure.14 
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(CH3)3SiCH  ,0H  + (CF3S02)20  - (CH3)3SiCH20S02CF3 


(CH3)3SiCH20S02CF3  + FC(N02)2CH20H 


— *-  (CH3)3SiCH20CH,CF<N02)2 

KjCOa 

Polysiloxanes  are  generally  prepared  by  the  hydrolysis  of 
dialkyldihalosilanes.  and  if  fluorodinitro-substituted  polysi- 
loxanes are  to  be  synthesized  by  the  above  methods  the  sili- 
con-halogen bonds  must  be  generated  after  the  nitro  and 
fluorine  groups  are  introduced.  Silicon  halides,  as  well  as  sil- 
icon acetates,  silicon  methoxides,  and  similar  derivatives, 
would  not  survive  the  hydrolytic  reaction  conditions.'1-’  How- 
ever, carbon-silicon  bonds  can  be  cleaved  by  bromine,  and  the 
cleavage  of  phenyl-silicon  bonds  in  this  way  is  particularly 
facile.'-'  Therefore,  the  approach  was  taken  to  build  up  fluo- 
rodinitro  groups  starting  with  dialkyldiphenylsilanes  con- 
taining reactive  sites  on  the  alkyl  chains. 

One  such  starting  material  is  (3-bromopropyl)melhyldi- 
phenylsilane.  This  compound  was  obtained  initially  by  the 
bromination  of  the  hydroboration  product  of  allvlmethyldi- 
phenvlsilane,  prepared,  in  turn,  from  allylmagnesium  bromide 
and  methylchloriidiphenyl  silane. 


CHr=CHCH2MgBr  + (C6H-,).SiCH3Cl 

- CH2=CHCH2Si(C6H5)2CH3 

N.BR,  Brj 

— ► — ► CH:i(Cf,Hr()2SiCH-»CHiCH2Br 

BFj  N0OCH3 

A more  convenient  route  to  this  hromide  was  based  on  the 
hydrosilylation  of  allyl  acetate  with  methyldiphenylsilane  with 
chloroplatinic  acid11*  as  catalyst  to  give  a 49%  yield  of  (3- 
hydroxypropyllmethyldiphenylsilnne  after  hydrolysis.  A 
molar  excess  of  allvl  ncetale  was  required.  The  use  of  ally- 
loxytrimethylsilanc  instead  of  the  acetate  gave  a 71%  yield  of 
the  alcohol  with  only  a 10%  excess  of  olefin.  The  use  of  tris- 

(triphenylphosphine)rhodium  chloride17  as  the  catalyst  in- 
stead of  chloroplatinic  acid  increased  the  yield  to  98%.  This 
alcohol  was  converted  to  the  tolucnesulfonate  in  62%  yield 
with  toluenesulfonyl  chloride  and  pyridine  in  methylene 
chloride.  The  toluenesulfonate  was  converted  to  the  bromide 
with  lithium  or  sodium  bromide  in  dimethyl  sulfoxide.  The 
yield  of  this  displacement  was  essentially  quantitative  on  the 
basis  of  NMR  analysis,  and  for  preparative  purposes  it  was 
not  necessary  to  isolate  the  bromide;  the  subsequent  step  was 
carried  out  with  the  same  solvent. 


CH3(C6Hs)2SiH  + CH2=CHCH2OSi(CH3)3 

- CH3(C6H5)2SiCH2CH2CH2OSi(CH3)3 


an  undistillable  oil  characterized  by  NMR.  Salts  of  this 
gem-dinitro  compound  had  low  solubility  in  water,  and  at- 
tempted fluorinafions  in  this  medium  with  elemental  fluorine 
were  unsuccessful.  Fluorination  with  perchloryl  fluoride  in 
methanol,  however,  gave  a 79%  yield  of  (3-fluoro-3.3-dini- 
tropropyllmethyldiphenylsilane.  Heating  this  fluorinated 
compound  with  bromine  then  gave  <3-fluoro-3,3-dinitropro- 
pyllmethyldibromosilane  in  78%  yield.  The  dibromide  was  too 
labile  hydrolytically  for  elemental  analysis  but  was  identified 
spectrally  and  by  its  hydrolysis  product. 


CH3(C6H6)2SiCH2CH2CH2Br 


NaNOj 

MejSO 

AgNOj 


CH3(C6Hs)2SiCH2CH2  CH2N02 
CH3(C6H5)2SiCH2CH2CH(N02)2 


NaNOj.  OH- 
FCIOj 


CHjOH 


CH3(C6Hs)2SiCH2CH2CF(N02)2 


— ► CH3Br2SiCH2CH2CF(N02)2 


The  hydrolysis  of  this  dibromide  gave  cyclic  polysiloxanes, 
with  the  number  of  units  depending  on  the  hydrolysis  condi- 
tions. Thus,  treating  the  dibrornide  in  ether  solution  with  ice 
gave  the  tetramer  on  the  basis  of  vapor  osmometric  molecular 
weight.  The  same  molecular  weight  was  obtained  when  a 
sample  of  the  neat  dibromide  was  hydrolyzed  by  atmospheric 
moisture.  On  the  other  hand,  when  a methylene  chloride  so- 
lution was  hydrolyzed,  a molecular  weight  corresponding  to 
the  trimer  was  obtained. 

The  polysiloxane  reacted  with  hydrofluoric  acid  in  aqueous 
ethanol  to  give  an  80%  yield  of  (3-fluoro-3.3-dinitropropyll- 
methyldifluorosilane.  The  dibromide  also  gave  the  difiuoride. 
probably  via  an  in  situ  hydrolysis.  The  difiuoride  reacted  with 
sodium  methoxide  to  give  a compound  assigned  on  the  basis 
of  NMR  spectra  to  be  <3-fluoro-3,3-dinitropropylimethyl- 
methoxyfluorosilane.  A pure  sample  of  this  compound  was  not 
isolated.  Advantage  was  taken  of  the  relative  stability  of  flu- 
orine-silicon bonds  toward  acids.1'-*  Treating  the  crude 
methoxyfluoride  with  aqueous  acid  gave  l,3-bis(3-fluoro- 
3,3-dinitropropyl)l,;!-dimethyl-l,3-difluorodisiloxane,  iso- 
lated readily  by  distillation. 


CH^SiCH.CH.CFtNO^l 

-Jn 


HT 


CHeSiF-CHjCHjCFCNOA 


CH3(C6H5)2SiCH2CHoCH2OH 

HjO 

T.C1 

— ► CH3(C6H5)2SiCH2CH2CH20S02C6H4CH3-p 

Pyt.  CHjClj 

NiBr 

— ► CH3(C6Hs)2SiCH2CH2CH2Br 

MejSO 

The  displacement  of  the  bromide18  with  sodium  nitri  te  in 
dimethyl  sulfoxide  gave  the  nitro  compound,  as  well  as  the 
corresponding  nitrite  and  alcohol.  The  nitro  compound  was 
separated  from  the  other  products  by  extracting  the  mixture 
with  potassium  hydroxide,  and  the  isolated  yield  was  50%. 
Oxidative  nitration  of  (3  nitrnpr  ipyDmethyldiphenvIsilane 
gave  (3,3-dinitropropyl)methyldiphenylsilane  in  70%  yield, 


■ CHJ,SiF(OCHJ)CH.CH.CF(NO.\ 

r r r 

Trr*  POfNOd-CH  CH.Si — O — SiCH  CH  CF< SOX 

P I I 

F F 

The  synthesis  of  bis(3-fluoro-3,3-dinitropropyl)polysi!ox- 
ancs  was  also  undertaken  with  the  use  of  phenyl  as  a blocking 
group.  The  stnrting, material  for  this  work  was  prepared  ini- 
tially using  a rearrangement  of  hnlonlkoxysilvl  ethers  to  hy- 
droxynlkylsilanes  us  reported  by  Spcier.**  Bis(3-chloropro- 
poxyldiphenylsilane  was  prepared  by  the  reaction  of  dichlo- 
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rodiphenylsilane  and  3-chloroprop.inol  with  ammonia  in 
benzene.  This  product  reacted  with  sodium  and  chlorotri- 
methylsilane  in  refluxing  toluene  to  give  bis(3-trimethylsil- 
yloxypropyDdiphenylsilane.  Hydrolysis  with  acid  gave 
bis(3-hydroxypropyl)diphenylsilane. 

(C6Hs),SiCl2  + C1CH2CH2CH20H 

NHj 

— ► (C6Hs)2Si(OCH2CH  .CH2C1)2 

C»H» 

N»,  Toluene 

— ► (C6H5)2Si(CH2CH>CH2OSi(CH3)3)2 

(CHa)jSiCI 

(C6Hs)2Si(CH2CH2CH2OH)2 

EtOH 

Another  route  to  a difunctional  starting  material  involved 
hydroboration.  Borane  in  tetrahydrofuran  was  added  to  di- 
allyldiphenylsilane,  and  the  resulting  borane  was  brominated 
to  give  bis(3-bromopropyl)diphenylsilane  in  24%  overall 
yield. 

BHi 

(C6H5)2Si(CH2CH=CH2)2  (C6H5)2Si(CH2CH2CH2B)2 

(C6Hs)2Si(CH2CH2CH2Br)2 

A reaction  scheme  analogous  to  that  used  to  prepare  the 
(2-fluoro-2,2-dinilropropyllmethylsilane  derivatives  provided 
a more  practical  route  to  the  preparation  of  bis(2-fluoro- 
2,2-dinitropropyl)silicon  compounds.  Thus,  the  hydrosilyla- 
tion  of  allyloxytrimethylsilane  with  diphenylsilane  catalyzed 
by  tris(triphenylphosphine)rhodium  chloride  gave,  after 
hydrolysis,  a 6S%  yield  of  bis(3-hydroxypropyl)diphenylsilane. 
Lower  yields  resulted  from  the  use  of  allvl  acetate  as  the  olefin 
or  chloroplatinic  acid  as  the  catalyst.  The  alcohol  was  con- 
verted to  the  p-toluenesulfonate  which,  in  turn,  was  treated 
with  sodium  bromide  in  dimethyl  sulfoxide  to  give  the  di- 
bromide in  84%  overall  yield.  The  dimethyl  sulfoxide  solution 
could  be  used  in  the  nitrite  reaction  without  workup.  The 
dibromide  was  also  prepared  from  the  alcohol  with  phos- 
phorus tribromide  in  67%  recrystallized  yield. 

(C6H5)2SiH2  + CH2— CHCH2OSi(CH3)3 

— (C6H5)2Si[CH2CH2CH2OSi(CH3)3]2 

(C6H5)2Si(CH2CH2CH2OH)2 

H* 

} (C6H5)2Si(CH2CH2CH2Br)2 

t.  T«Ct.  Pyr.  CHtCIj 
5J4.Br,  MeaSO 

• The  reaction  of  bis(3-bromopropyl)diphenylsilane  in  di- 
methyl sulfoxide  with  sodium  nitrite  gave  bis(3-nitropro- 
pyUdiphcnylsilane  in  34%  yield.  Oxidative  nitration  of  this 
compound  gave  bis(3,3-dinitropropyl)diphenylsilane  in  38% 
yield.  Fluorination  of  the  potassium  salt  of  this  compound  was 
carried  out  in  a mixture  of  water,  methanol,  and  dimethyl- 
formamide  with  perchloryl  fluoride  as  the  fluorinating  agent. 
An  85%  yield  of  bis(3-fluoro-3,3-dinilropropyl)diphenyl.silane 
was  obtained. 


(CsH5)2Si(CH2CH2CH2Br)2 

N.NOj 

— *•  (C6Hi).Si(CH>CH2CH,N02)2 

MrjSO 

A*NOj 
N.NOz.  OH- 

(C6Hs)2Si[CH2CH2CH(N02)2]2 

FCIOj 

— ► (C6H3)2Si  [C  H 2C  H 2C  F(  N 02)2]  2 

This  diphenylsilane  could  not  be  dephenylated  completely 
with  bromine  under  the  conditions  that  were  used  with  (3- 
fluoro-3,3-dinitropropyl)methyldiphenylsilane;  the  reaction 
ceased  when  approximately  half  of  the  phenyl  groups  were 
cleaved.  However,  when  water  was  added  after  this  initial 
reaction  was  completed,  bromine  consumption  resumed.  A 
while  solid,  nip  207-209  °C,  was  isolated  in  67%  yield  und  was 
identified  by  molecular  weight  and  analysis  as  the  cyclic 
trisiloxane.  Apparently,  the  second  fluorodinitropropy!  group 
inhibits  the  dephenylation  to  the  extent  that  only  one  phenyl 
group  is  removed.  The  accelerating  effect  of  water  on  the  de- 
phenylation is  rationalized  on  the  basis  of  the  hydrolysis  of 
the  initially  formed  phenylbromosilane.  The  resulting  silanol 
or  its  dimer  is  dephenylated  more  readily  than  the  bromosil- 
ane. 


<CeHi\SitCH:CH/T'(NOA-li  ^ C,H£iBr{CH;CH.Cf\NOAl 
(yiiSi(0H)[CHJCH.<K0i)  .1 
— BrSi(OHfCH,CH;CF<NO,)JL 

(CH2CH_CFNOA 

-HBt( 

CFCXN0ACHiCHASi>o^Si(CHiCHJCFCN0A 


F-rpcrimental  Section 

NMR  ana  iK  spectra  vere  recorded  with  a Varian  T-GO  spec- 
trometer and  a Perkin-Elmer  700  spectrometer,  respectively.  Mo- 
lecular weights  were  determined  with  a Mechrolab  oOlA  vapor  os- 
mometer. A Varian  920  gas  chromatograph  with  a 12  ft  X 'g  in  alu- 
minum column  packed  with  12%  QF-1  on  60-80  mesh  Chromosorb 
W was  used  for  GLC  separations.  Previously  described  safety  pre- 
cautions for  fluorodinitro  compounds111-  were  observed. 

(3-Nitropropyl)trimethylsilane.  A solution  of  10  g (0.145  moll 
of  sodium  nitrite  and  11.3  g (0.055  mol)  of  (3-bromopropyl)trimeth- 
ylsilane8  in  120  mL  of  dimethyl  sulfoxide  was  stirred  for  3 h at  ambient 
temperature.  Water  (500  mL)  was  added,  and  the  product  was  ex- 
tracted with  three  50-mL  portions  of  carbon  tetrachloride.  The  NMR 
spectrum  showed  (3-niuopropyl)trimethylsilane  (69%  yield),  (3- 
nitritopropybtrimethylsilane  (25%),  and  starting  material  and  the 
alcohol  (5%  combined).  Distillation  gave  2.2  g (9.5%)  of  (3-nitrito- 
propybtrimethylsilane,  bp  48-50  °C  (16  mm),  and  5.9  g (60%)  of  95% 
pure  (3-nitropropyl)trime:hylsilane,  bp  62-64  °C  (1  mm).  An  ana- 
lytical sample  was  isolated  bv  GLC:  NMR  (CC14)  & 4.20  (t,  J = 7 Hz. 
2 H,  CHjNOj),  1.87  (m.  2 H.  CHjCH2Si), 0.50  (m.  2 H,  CH:Si), 0.0  (s, 
9 H,  (CH.OaSi);  1R  (CCl.)  2970.  1545.  1430,  1380.  1250  cm”1.  Anal. 
Calcd  for  CBHlsN02Si:  C,  44.69;  H.  9.38;  N.  8.68.  Found:  C.  44.74;  H, 
9.38;  N,  8.67.  ' 
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The  nitrosation21  of  (3-hydroxypropyDtrimelhylsilane  provided 
an  independent  synthesis  of  (3-nitrotopropvl)trimethvlsilane:  NMR 
(CCU)  i 4.50  (t,  2 H.  CH:ONO).  1.71m,  2 H.  CH  .CH  .Si).  0.5  im.  2 H. 
CH:Si).  0.0  (s.  9 H (CHahSi);  IR  (filral  1645,  1005.  1200,  850.  6<X) 

to"1. 

(4-Nitrobutyl)trimclhylsilane.  A solution  of  1.9  g (0.028  mol) 
of  sodium  nitrite  and  2.92  g (0.014  mol)  of  (4-bromobuiylJirimeth- 
ylsilane"  in  30  mL  of  dimethyl  sulfoxide  was  stirred  for  3 h at  ambient 
temperature.  Water  (30  mL)  was  added,  and  the  product  was  ex- 
tracted with  three  15-mL  portions  of  carbon  tetrachloride.  The  carbon 
tetrachloride  solution  was  washed  with  10  mL  of  water  and  was  dried 
over  magnesium  sulfate.  Distillation  gave  1.1  g (43%)  of  (4-nitrob- 
utyDtrimethvlsilane,  bp  54-56  °C  (0.9  mm).  An  anlvtical  sample  was 
isolated  by  GLC:  NMR  (CCU)  5 4.27  (t,</  = 7 Hz,  2 H.CH  NO),  2.02 
(q,  J - 7 Hz.  2 H.  CH  .CHAU),  1.4  ( m.  2 H.  CH  >CH  Sil.  0.50  im.  2 

H.  CH2Si).  0.0  (s,  9 H,  (CH3)aSi);  IR  (CCD  2960. 1545.  1435. 1385. 
1255  cm‘l.  Anal.  Calcd  for  C7H,7NOgSi:  C,  47.96;  H,  9.77;  N,  7.99. 
Found:  C.  47.95;  H.9.70;  N.  8.11. 

(3-Nitrobutyl)trimelhylsilane.  A solution  of  4.3  g (0.020  mol) 
of  3-bromobutyl)trimcthylsilane  and  4.1  g (0.06  mol)  of  sodium  nitrite 
in  50  mL  of  dimethyl  sulfoxide  was  stirred  at  ambient  temperature 
for  3 h.  The  solution  was  diluted  with  200  mL  of  water,  and  the 
product  was  extracted  with  three  25-mL  portions  of  carbon  tetra- 
chloride. The  NMR  spectrum  of  the  solution  indicated  a 55%  yield 
of  (3-nitrobutyl)trimeth)  Isilane.  a 25%  yieid  of  (3-nitritobutyl)tri- 
methylsilane,  and  12%  unreacted  bromide.  Distillation  gave  1.0  g of 
a mixture  of  nitrite  and  bromide,  bp  56-62  °C  (10  mm),  and  2.0  g of 
80%  pure  (3-nitrobutylltrimcthvlsilane  <45%  yield),  bp  58-60  °C  (1 
mm).  Redistillation  gave  95%  pure  product  (NMR),  and  an  analytical 
sample  was  isolated  bv  GLC:  NMR  (CCD  6 4.30  (sextet,  1 H, 
CHNCD.  1.75  (m,  2 H.  CH  CH  Si).  1.42  (d.  3 H.  CH  ,CHN0  •>.  0.4  (t. 
2 H,  CH2SD2  0.0  (s.  9 H.  (CH  iiiSi);  IR  (film)  2970.  1545. 1260.  865. 
845  cm"1.  Anal.  Calcd  for  C7H,7NO.Si:  C.  47.96;  H,  9.77;  N.  7.99. 
Found;  C,  4S.09,  H,  9.66;  N,  7.68. 

The  nitrite  was  identified  by  hydrolysis  with  acetic  acid  in  methanol 
to  give  the  alcohol,  which  was  isolated  bv  preparative  GLC:  NMR 
(CCU)  1 3.48  (sextet.  1 H.  C110H 1.  2.9  (broad  s.  1 H.  OH).  1.3  (m,  2H, 
CH.Si),  1.05  (d.  3 H.  CH  ,C  HOH).  0.40  (m.  2 H.  CH.Si),  0.0  (s,  9 H 
(CH.,).,Si);  IR  3350  (OH),  2950. 1250.  860.  850.  840  cm-1 

The  alcohol  was  reconverted  by  a standard  procedure-'  to  the  ni- 
trite with  identical  spectra:  NMR  (CCU)  « 5.30  (sextet.  1 H,  CHONO). 

I. 7  (m,  2 H.  CH  .CH  .Si).  1.40  Id.  J = 7 Hz.  3 H.  CH  ,CH>.  0.55  (m.  2 
H,  CH^Sil.OO  (s.  9 H.  (CH  d iSi);  IR  (filml  2970.  Io40.  1600.  1260.880, 
850, 800  cm”'.  The  1C40-,  16(H)-,  and  SoO-cm*1  peaks  are  assigned-* 
toONO. 

(3,3-Dinitropropyl)trimcthylsilanc.  A solution  of  5.6  g <0.035 
mol)  of  (3-nitropropylllrimelhylsilane.  2.58  g (0  H39  mol)  of  potassium 
hydroxide,  and  2.7  g 10.039  mol)  of  sodium  nitrite  in  25  mL  of  water 
and  25  mL  of  methanol  was  added  quickly  to  a well-stirred  mixture 
of  13.3  g (0.078  mol)  of  silver  nitrate  in  25  mLof  water  and  50  mL  of 
ether.  The  mixture  was  stirred  for  2 h at  room  temperuturc.  and  25 
mL  of  saturated  sodium  chloride  was  added.  The  silver  deposits  were 
filtered  off,  and  the  ether  layer  was  separated,  dried,  and  distilled  to 
give  5.7  g (71%)  of  90%  pure  (3,3-dinitropropvlltrimethylsilnne.  bp 
70-72  *C  (0.2  mm).  An  analytical  sample  was  olituincd  bv  GLC:  NMR 
(CCU)  4 5.88  (t, «/  - 7 Hz.  I H,  CHI  NO  .)  .),  2.38  (m,  2 H.C1I.CH  . Si), 

0.55  (m,  2 H.  CHySi),  0.08  (s,  9 H.  <CH,),Si):  IR  (CCU)  2970.  1570. 
1335,  and  1260  cm" '.  Anal.  Calcd  for  C.  H , ,N.'04Si:  C,  34.94;  H,  6.84; 
N,  13.58.  Found:  C.  35.28:  H.  6 90;  N,  13.47. 

(4.4-Diaitrobutyl)trimcthylsilane.  A mixture  of  0.6  g (0.015  mol) 
of  sodium  hydroxide,  2.62  g (0.015  mol)  of  (4-nitrnhutyl)lrimeth- 
ytsilanr,  and  6 ml,  of  water  was  stirred  at  80  °C  until  a solution  was 
formed.  The  solution  was  cooled  to  room  lem|ierjlure.  and  1.1  g (0.015 
mol)  of  sodium  nitrile  was  added.  The  resulting  solution  was  added 
quickly  to  a well  stirred,  ice-eiailed  mixture  of  5.1  g (0.030  mol)  of 
silver  nitrate,  12  ml.  of  water,  12  ml.  of  ether,  and  2 drops  0f  1 N so- 
dium  hydroxide.  The  mixture  was  stirred  at  room  temperature  for 
2 h and  filtered,  and  the  precipitate  was  washed  with  ether.  The  ether 
layer  of  the  filtrate,  combined  with  the  washings,  was  dried  over 
magnesium  sulfate  and  distilled  to  give  1.9  g (57%)  of  (4.4-dinitro- 


butyDtrimethylsilane,  a colorless  oil,  bp  71-74  *C  (2  mm).  An  ana- 
lytical sample  was  isolated  bv  GLC:  NMR  (CCU)  6 5.97  (t.  J - 7 Hz. 

1 H,  CHINO. )•),  2.43  Iq,  J = Hz.  2 H.  CH  CH).  1.47  (m.  2 H. 
CH^CHSi),  0.57  <m.  2 H.  CHgSii,  0.0  (s.  9 H.  (CH  ,) ...Sit:  IR  (CCU) 
2970,  1570,  1330.  1250 rm'1.  Anal.  Calcd  for  C7H;.  N Si04:  C,  38.17; 
H,  7.32;  N,  12.72.  Found-  C.  35.38:  H.  7.32;  N.  12  66. 

(3,3-Dinitrobuty!)trimeth>  Isilane.  A mixture  of  5.95  g (0.34  moll 
of  (3-nitrobutvl)trimeihylsilane,  3 g of  potassium  hydroxide.  30  mL 
of  water,  and  30  mL  of  methanol  was  healed  with  stirring  at  65  ®C 
until  a homogeneous  solution  was  formed.  Sodium  nitrite  (3.0  g.  0.043 
mol)  was  added,  and  the  solution,  at  room  temperature,  was  added 
rapidly  with  stirring  to  a mixture  of  100  mL  of  ether  and  15  g (0.088 
mol)  of  silver  nitrate  in  50  mL  of  water.  The  mixture  was  stirred  1.5 
h,  and  50  mL  of  saturated  aqueous  sodium  chloride  was  added.  1 he 
silver  deposits  were  filtered  off,  and  the  ether  layer  was  separated, 
dried,  and  distilled  to  give  5.38  g (72%)  of  (3,3-d  nitrobutvlitrimeth- 
y Isilane:  bp  77-79  °C  (0.1  mm);  NMR  (CCU)  '«  2.34  (m.  2 H.  (NO.)- 
2CCH2),  2.02  (s.  3 H,  (NO 0-.CCH:,.  0.40  (m,  2 H,  CH  .Si),  0.05  (s.  9 H. 
(CHihSi);  IR  (CCU)  2970, 1565, 1330, 1260, 1195  cm*1.  Anal.  Calcd 
for  C7H i6N;04Si;  C,  38.16;  H,  7.32;  N,  12.72.  Found:  C.  37.9a,  H,  7.19; 
N,  11.71. 

(3-Fluoro-3,3-dinitropropyl)trimothylsilane.  A solution  of  1.6 
g (0.0078  mol)  of  (3.3-dinitropropylltrimethylsiIane  and  0.44  g (0.0u78 
mol)  of  potassium  hydroxide  in  250  mL  of  water  was  fluorinated11  at 
0 °C  until  the  solution  became  colorless.  The  product  was  extracted 
with  three  20-mL  portions  of  ether,  dried,  and  distilled  to  give  0.9  g 
(31%  yield)  of  60%  pure  (3-fluoro-3,3-dinitropropyl)trimethyixiiane. 
by  66-71  eC  (0.5  mm).  An  analytical  sample  was  obtained  bv  GLC: 
proton  NMR  (CCU) 5 2.57  (m.  2 H.  CH.CF),  0.50  (m,  2 H,  CH  Si).  0.OS 
(s,  9 H,  (CHs):iSi);  fluorine  NMR  4>  106.0  (broad  t):  IR  (CCD  2970, 
1590, 1320, 1260. 1190  cm*1.  Anal.  Calcd  for C*H,-,N  ,0,SiF:  C.  32.13; 
H,  5.84;  N,  12.49.  Found:  C,  32.34:  H,  5.62:  N,  12.43. 

A solution  of  5.13  g (0.025  moll  of  (3.3-dinitropropyl)trimethy!silane 
and  2.0  g (0.03  mol  I of  potassium  hydroxide  in  a mixture  of  30  mL  of 
water,  30  mL  of  methanol,  and  30  mL  of  dimethylfurinamide  was 
fluorinated  with  perchlorvl  fluoride12  at  ambient  temperature  until 
the  gas  was  no  longer  absorbed  by  the  solution.  The  solution  was  di- 
luted with  water,  and  the  product  was  extracted  with  carbon  tetra- 
chloride and  distilled  to  give  4.8  g 185%)  of  (3-fluoro-3.3-dinitropro- 
pyDtrimethylsilanc,  bp  68-71  °C  (0.5  mm). 

(4-Fluoro~4,4-dinitrobutyl)trimethylsilane.  A solution  of  1.45  ' 
g (0.0066  mol)  of  (4,4-dinitrobutyt)trimelhyisilane  and  0.5  g (0.0076 
mol)  of  potassium  hydroxide  in  250  mL  of  water  was  fluorinated  at 
0 “C  until  the  solution  became  colorless.  An  additional  0.4  g (0.006 
mol)  of  potassium  hydroxide  was  added,  and  fiuorinaiion  was  con- 
tinued until  the  solution  again  became  colorless.  The  product  was 
extracted  with  three  20-mL  portions  of  ether,  dried  over  magnesium 
sulfate,  and  distilled  to  give  1.05  g (61%)  of  90%  pure  (4-fiuoro-4.4- 
dinitrobutyOtrirnclhylsilane.  An  analytical  sample  was  obtained  bv 
GLC:  proton  NMR  (CCU)  i 2.67  (d  of  5.  </nr  = 19.  J\\h  = 7 Hz.  2 H, 
CHjCF).  1.44  (m.  2 H.  CH- CH.Si),  0.53  tm.2H.  CH  Si),  0.0  (s.  9 H. 
(CHOiSi);  fluorine  NMR  (CCD  102.8  (broad  t.  (NO  1 -CFl;  IR 
(CCU)  2970. 1590, 1350, 1255  cm-'.  Anal.  Calcd  for  C7H,-N  .O,SiF: 
C,  35.28;  H.6.34;  N,  11.76.  Found:  C,  35.24;  H.6.30;  N.  11.64. 

Trimcthylsilylmethyl  Trifluoromclhancsulfonatc.  A solution 
of  4.5  g (0.0435  mol)  of  (hydroxymethylltrimethylsilane14  and  3.43 
g (0.0435  mol)  of  pyridine  in  30  mL  of  methylene  chloride  was  added 
with  stirring  over  a 45-min  period  to  a solution  of  12.2  g (0.043  mull 
of  trifluoromethsnesuifonic  anhydride  in  30  mL  of  methylene  chlo- 
ride. After  15  min  the  solution  was  (mured  over  ice  The  methylene 
chloride  solution  was  dried  over  sodium  sullate  and  distilled  to  give 
7.0g  (68%)of  trimethylsilylmcthyl  triflate,  bp  49-51  °C  (9  mm).  An 
analytical  sample  was  isolated  by  GLC:  proton  NMR  (CCD  0 4 07  (s. 

2 H.  CH.Si).  0.08  Is,  9 H.  (CH  ,1  .Si);  fluorine  NMR  g,  74.3  Is);  IR  (film) 
1410,  1210.  1150,900.  870  cm-'.  Anal.  Calcd  lor  CsH, ,()  ,F  ,SiS:  C. 
25.40;  H.  4.69.  Found:  C.  25.23;  H.  4.06. 

Trimcthylsilylmethyl  2-Fluoro-2,2-dinilroclhyl  F.thcr.  Po- 
tassium carbonate  (0  gl  was  ndded  to  a solution  of  3.5  g (II 0148  moil 
of  trimethylsjlvlmethyl  trifiiionmu  thaiie  sullonate  and  2.3  g of  2- 
nuoro-2.2  diintroctli.inol  in  5 nil.  of  methylene  chloride,  and  the 
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mixture  win  stirred  for  16  h.  This  suspension  was  added  with  stirring 
to  a mixture  of  MO  ml.  of  iiT  water  und  30  ml.  of  curia  in  tetrachloride. 
The  curlron  tetrachloride  layer  was  washed  with  10  ml. nl  water,  dried 
over  magnesium  sulfate,  and  distilled  to  i: i v e 1.50  g M.Vv)  (,f  tri- 
methyUilylrnelhyl  2 lluoru-2,2-dinilroelhyl  ether,  hp  52  °C  (0.75  mm). 
An  analytical  sample  was  prepared  hv  GLC:  proton  NMK  (CCI4)  4 
4.35  (d.  2 H.  J = 18  Hz.  CHCFl,  3.23  Is.  2 H.  CH,Si).  0 02  (s,  9 H. 
(CHj)jSi);  fluoride  NMR  (CCl«)  0 110.25  (broad  t);  IR  (film)  2975. 
2925.  lfiOO,  1320,  1250,  1125.  870,  800  cm"'.  Anal.  Culcd  for 
C6H,nN20aSiK:  C.  29.99;  H,  5.45;  N.  11.66.  Found:  C,  30.22;  H,  5.33; 
N.  11.75. 

Allylmethyldiphonylsilane.  A solution  of  1452  g (12  mol)  of  allyl 
bromide  in  2.5  L of  absolute  ether  was  added  dropwise  with  stirring, 
over  o period  of  3.5  h,  to  a suspension  of  389  g 1 16  mol)  of  magnesium 
turnings  in  2.5  l.  of  absolute  ether.  An  efficient  reflux  condenser  was 
used,  equipped  with  a drying  tube.  Kxcess  magnesium  was  removed 
by  filtration,  and  1862  g (8  mol)  of  chloromethyldiphenylsilane  was 
added  dropwise  over  a 1 h period.  The  solution  was  refluxed  for  1 h 
and  was  allowed  to  stand  overnight  at  room  temperature.  A solution 
of  642  g (12  mol)  of  ammonium  chloride  in  2 l.  of  water  and  then  3 L 
of  water  were  added  slowly,  using  a reflux  condenser  to  control  the 
exotherm.  The  aqueous  layer  was  separated  and  extracted  with  three 
1-L  portions  of  ether.  The  combined  ether  solutions  w ere  dried  over 
magnesium  sulfate  and  distilled  to  give  1397  g (73%)  of  allylmelhyl- 
diphcnylsilane:  bp  93  °C  (0.1  mm);  NMR  (neat)  6 0.0  (s.  3 H,  CH  iSi), 
1.5  (d,  J = 7 Hz.  2 H.  C=C— CH  Si).  4.3  (m,  2 H.  CH2=C),  5.3  (m. 
1 H,  C=CHCH,Si),  6.B-6.9  (m,  10  H.  C«H0;  IR  (film)  1640,  1440, 
1270, 1 170, 1130  cm*1.  Anal.  Calcd  for  CisH2J02Si;  C,  60.67;  H,  7.56. 
Found;  C,  80.45;  H.  7.56. 

(3-BromopropyI)methy!diphenylsilane  from  Allylmethyldi- 
phenylsilane.  A solution  (150  mU  of  29.6  g (208.3  mol)  of  boron 
trifluoride  etherate  in  dry  tetrahydrofuran  was  added  over  a 1 h pe- 
riod, with  stirring,  to  350  mL  of  a tetrahydrofuran  solution  of  119  g 
(0.50  mol)  of  allylmethyldiphenylsilane  and  5.94  g (0.156  mol)  of  so- 
dium borohydride.  The  mixture  was  heated  at  reflux  for  2.5  h,  and 
then  10  mL  of  methanol  was  added.  Then,  27.3  mL  (0.50  mol)  of 
bromine  and  sodium  methoxide  solution  (from  14.4  g,  0.625  mol  of 
sodium  and  300  mL  of  methanol)  were  added  simultaneously  at  such 
a rate  as  to  maintain  a yellow  color  in  the  mixture.  The  temperature 
was  kept  at  25-30  °C  by  means  of  an  ice  bath.  The  mixture  was  agi- 
tated with  250  mL  of  50%  potassium  carbonate  and  250  mL  of  cyclo- 
hexane until  the  strong  yellow  color  faded.  The  layers  were  separated, 
and  the  aqueous  layer  was  extracted  with  three  100  mL  portions  of 
cyclohexane.  The  combined  organic  layers  were  washed  with  three 
30O-mL  portions  of  w ater  and  150  mL  of  saturated  sodium  chloride, 
dried  over  potassium  carbunate.  and  distilled  to  give  79  g (49.5%)  of 
(3-bromopropyl)methyldiphenvlsilane:  bp  176-210  °C  (0.3  mm); 
NMR  (CDCl.yl  4 0.5  (s,  3 H,  CH  ,Si),  1.1  (m.  2 H.  CH  Si),  l.S  (m.  2 H. 
CH2CH2Si),  3.2  (t,  J = 7 Hz.  2 H,  BrCHj).  7.2  (m,  10  H.  CeHv).  Anal. 
Calcd  for  CicHgiBrSi:  C,  60.19;  H.  5.96.  Found;  C.  60.36:  H,  6.01. 

(3-Hydroxy propyl) met hyldi phony Isilane.  Allyloxytrimcth- 
ylsilane23  (1 162  g,  8.94  mol)  was  added  dropw  ise  to  a mixture  of  1539 
g (7.77  mol)  of  methyluiphcnylsilane  and  80  mg  of  trial  triphenyl- 
phoephine)rhodium  chloride  at  130  °C  over  a 3 h period.  The  solution 
was  added  dropwise  with  stirring,  over  a 1.5  h period,  to  a solution  of 
3 L of  methanol  and  800  mL  of  1 N hydrochloric  acid.  The  mixture 
was  stirred  overnight,  and  an  equal  volume  of  water  was  added.  The 
aquwous  solution  was  extracted  with  3 L of  methylene  chloride.  The 
combined  methylene  chloride  solution  was  washed  with  water  and 
saturated  salt  solution  and  was  dried  with  sodium  sulfate  The  solvent 
was  removed  by  distillation  to  give  1950  g (98%)  of  (3-hydroxypro- 
pyllmethyldiphenylsilane:  bp  130-140  °C  (0.03  to  0.07  mm);  NMR 
(CDCW  4 0.48  (s.  3 H.  CH,),  0.95  (m,  2 H.  CH  Si),  1.4  rm.  2 H, 
CCH2C),  2.0  (s.  1 H,  OH).  3.12  (t.  J = 6 Hz,  2 H.-CH.O).  7.0  (s,  10  H. 
CjHs).  Anal.  Calcd  for  Ci6H2,SiO:  C,  74.95;  H,  7.86.  Found:  C,  74.80; 
H,  8 07. 

(3-p-ToIuencsulfonatopropv  I ) met  hyldi  pheny  Isilane.  Tolu- 
enesulfonyl  chloride  (1597  g.  8.38  mol)  and  then  766  mL  (9.53  mol) 
of  pyridine  were  added  to  a solution  of  1950  s (7.62  moll  of  crude 
(3-hydroxypropyllmethyldiphcnylsilane  in  1950  mL  of  methylene 


chloride  at  4 °C.  The  -nixture  was  stirred  overnight  and  w as  poured 
into  water.  The  methylene  chloride  laver  W3s  separated,  and  the 
aqueous  layer  was  extracted  once  with  methvlene  chloride.  The 
combined  methylene  chloride  solution  was  washed  with  water,  w ith 

1 N hydrochloric  acid,  and  with  saturated  salt  solution  and  was  then 
dried  with  sodium  sulfate.  Most  of  the  solvent  was  removed  by  dis- 
tillation. The  product  w as  crystallized  ( rum  1200  mL  of  ethyl  ether 
and  1200  mL  of  Skelly  F to  give  1925  g (62%)  of  13-p-tcluenesulfo- 
natopropyllRiethyldiphenylsilane:  mp  68-69  °C;  NMR  (CDC1 0 0 7.3 
(d  of  d,  4 H,  CC,  H,Si-pl.  7.2  (broad  s.  10  H,  CrHv),  3.85  it.  J = 6 5, 

2 H.CH  .0),  2.40  is.  3 H. CH  C..H-).  1.6  (m,  2 H.  CH  .CH  Si).  1.0  <m. 
2 H.  CH.Si),  0.50  Is.  3 H.  CH  Sit.  Anal.  Calcd  for  C-,H  vO.SiS:  C, 
67.28;  H.  6.38.  Found:  C.  67.44;  H.C.49. 

(3-Ilromopropv  llmclhv  Idiphcnv  Isilane  from  Tolucncsulfo- 
nate.  A solution  of  3.5  g (0.04  mol)  ot  lithium  bromide  and  5.9S  g 
(0.0146  mol)  of  (3-propyl)methyldipheny!silane  p-loluenesulfonate 
in  25  mL  of  dimethyl  sulfoxide  was  stirred  at  ambient  temperature 
for  3 h.  Water  (10  ml.)  wa-  added,  und  the  product  was  extracted  with 
three  10-mL  portions  of  carbon  tetrachloride  The  combined  organic 
layers  w ere  w ashed  w ith  10  ml,  of  water,  dried,  and  stripjied  of  solvent. 
The  residue  consisted  of  4.2  g (90%)  pure  (3-lmimopropyl)methyld- 
iphenvlsilane. 

(3-Nilroprupyl)mcthyldiphcnylsilanc.  The  addition  of  99.6  g 
(1.26  mol)  of  sodium  nitrite  to  a solution  of  101  g (0.317  moll  of  <3- 
bromopropyllmethyldiphenyLsilane  in  500  mLof  dimethvl  sulfoxide 
resulted  in  a temperature  rise  to  30  "C  over  a 40  min  period.  The 
mixture  was  added  to  2.5  L of  water,  and  the  product  was  extracted 
with  four  300  mL  portions  of  carbon  tetrachloride.  The  carbon  tet- 
rachloride solution  was  washed  with  three  6()0-mL  portions  of  water 
and  300  ml,  of  saturated  sodium  chloride,  and  the  solvent  was  re- 
moved. The  NMR  spectrum  of  the  residue  showed  a 52%  yield  of  the 
nitro  compound  (4  4.2),  a 20%  yield  of  the  nitrile  (6  4.4),  and  a 15% 
yield  of  the  alcohol  and/or  bromide  (4  3.31. 

The  mixture  was  stirred  for  1 h with  80  mL  of  5 N potassium  hy- 
droxide, and  320  mL  of  water  was  added.  The  mixture  was  extracted 
with  two  100-mL  portions  of  ether.  The  aqueous  solution  was  acidified 
to  pH  6 with  acetic  acid,  and  the  product  was  extracted  with  four 
100-mL  portions  of  methylene  chloride.  The  methylene  chloride  so- 
lution was  dried  over  magnesium  sulfate  and  evaporated  to  give  45.4 
g (50%)  of  (3-nitropropyDmcthyldiphenylsilanc.  An  analytical  sample 
was  obtained  by  molecular  distillation;  bp  152  °C  (0.22  mm);  NMR 
(CDCIn)  4 0.3  (s.  2 H.  CH,Si).  1.2  (m.  2 H,  CH  Si).  2.1  -m.  2 H. 
CHjCH  -Si),  4.2  (t.  J = 7 Hz,  2 H.  CH;NO:),  7.3  (m.  10  H.  C,  HO;  IR 
(film)  1550, 1435, 1395.  1260.  1190.  1 165.  1 125  cm'1.  Anal.  Calcd  for 
CieHiaNO  .Si:  C,  67.37;  H.  6.67;  N,  4.91.  Found;  C,  67.57;  H,  6.62;  N, 
4.64. 

(3,3-Dinitropropyl)mcthyldiphcnylsilanc.  A mixture  of  68.4  g 
(0.24  mol)  of  (3-nitropropyl)methyldiphenvlsi!ane  and  53  mL  of  5 N 
potassium  hydroxide  was  stirred  for  1 h.  The  resulting  sulution  was 
diluted  with  212  mLof  water,  and  22.9  g (0.29  moll  of  sodium  nitrite 
in  200  mL  of  water  was  added.  The  solution  was  cooled  with  an  ice 
bath,  and  a cold  solution  of  90  g (0.53  mol)  of  silver  nitrate  in  41)0  mL 
of  water  and  800  mL  of  cold  ether  were  added  rapidly  with  efficient 
stirring.  The  mixture  was  stirred  for  30  min  at  0 °C  and  for  91'  min  at 
room  temperature.  Saturated  sodium  chloride  solution  (100  mL)  was 
then  added,  and  after  15  min  the  mixture  was  filtered  and  .he  pre- 
cipitate was  washed  with  water  and  ether.  The  combined  filtrate  and 
washings  were  acidified  to  pH  6 w ith  a etic  acid,  and  the  layers  were 
separated.  The  aqueous  layer  was  extracted  with  ether,  and  the 
combined  ether  solutions  were  washed  with  water  and  saturated  so- 
dium chloride  solution  and  dried  over  magnesium  sullate.  The  ether 
was  removed,  and  NMR  analysis  of  the  residue.  64  g.  showed  a 70% 
yield  of  (3,3-dinitropropyl)melhvldtphenvlsilane  and  8%  starting 
mate  rial:  NMR  (CDC1 1)  4 0.7  (s.  3 H.  CH  .St).  1.3  (m.  2 H,  C’H  Si),  2.6 
(m,  2 H,  CILCHjSi),  6.0  (t,  J = 7 Hz.  1 H.  CH),  7.4  (m,  10  H. 
C6H5). 

(3-Fluoro-3,3-dinitropropyl)melhyldiphcnylsilane.  The  above 
crude  product  containing  53.5  g (0.162  mol)  of  (3.3-dinitropropyl)- 
methyldiphenylsilane  w as  dissolved  in  a solution  of  0.217  mol  of  po- 
tassium hydroxide  in  9/u  ml,  of  methanol.  The  solution  was  placed 
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in  a 2-L  flask  equipped  with  a glass  dip  tul»e  for  introducing  fK.*rchloryl 
fluoride,  a thermometer,  a magnetic  stirrer,  and  an  ice  hath.  The  flask 
was  vented  to  the  fume-hood  atmosphere  by  means  of  a mineral  oil 
bubbler,  and  another  bubbler  as  well  as  an  inverted  vacuum  trap  I to 
prevent  suck  back)  were  placed  between  the  dip  tul>e  and  a perchioryi 
fluoride  cy  linder.  Perchioryi  fluoride  was  passed  into  the  solution  at 
\ 10  °C  until  it  was  no  longer  absorbed  (2  h).  Then.  1000  mL  of  water 
was  added,  and  the  solution  was  stirred  1 h at  room  temperature.  An 
additional  1500  mL  of  water  was  added,  and  the  mixture  was  made 
basic  (pH  12)  with  potassium  hydroxide.  The  product  was  extracted 
with  four  400-mL  portions  of  methylene  chloride.  The  methylene 
chloride  solution  was  washed  w ith  three  1000-mL  portions  of  water, 
dried,  and  stripped  of  solvent.  The  residue,  58.5  g,  was  chromato- 
graphed on  a 750  g column  of  dry  silica  gel.  using  carbon  tetrachloride 
(30  L)  for  elution,  to  give  44.5  g (70%)  of  (3-fluoro-3,:i-dinilropro- 
pyDmethyldiphenylsilane:  proton  NMU  (CDCI .)  6 ().f>  (s.  3 H.  CM  ,Si), 
1.1  (m,  2 H.  CH.Si),  2.7  (m.  2 H.  NCLCCH,).  7.2  (m.  10  H.  C,-.HO; 
fluorine  NMR  (CDCI,)  * 104.4  (t.J  = 22  Hz);  1R  (film)  1590,  1410, 
1370,  1330.  1270.  1200.  1120  cm-1.  Anal.  Calcd  lor  C„.H,7N  04FSi: 
C,  55.17;  H.  4.88;  N.  8.04.  Found;  C.  55.02;  H.  5.12:  N.  8.1*9. 

(3-Fluoro-3,3-dinitroprop\ limethyldibromosilanc.  A mixture 
of  12.5  mL  (0.230  mol)  of  bromine  and  20.0  g (0.0574  mol)  of  (3-flu- 
oro-3,3-dinitrc*propyl)methyldiphenylsilane  was  heated  at  100  °C  for 

2 h under  nitrogen.  The  pn»duct  was  evacuated  at  25  mm  at  room 
temperature  for  90  min.  Distillation  gave  phenyl  bromide,  bp  60  °C 
(0.15  mm),  1 0.5  g intermediate  fraction,  and  15.8  g (7b  \>)  of  (3-flu- 
oro-3.3-dinitropropybmelhy!dihrumosilane.  o colorless  liquid:  bp  68 
*C  (0.14  mm),  proton  NMK  (CDCI  i)  A 1.1  (s.  3 H.  CH  ,Si).  1.4  (m.  2 
H.  CH^Si),  2.9  (m.  2 H.  Cll.Si);  fluorine  NMK  (CDCI o lu.1.5  (t.  J 
m 17  Hz).  The  material  was  too  hygroscopic  lor  commercial  micro- 
analysis. 

(3-Fluoro-3,3-dinitropropyl)mcthylpoly*iloxanc.  A solution 
of  14.2  g (0.0401  mol)  of  (3-fluoro-3.3-dinitropropvhmethyldihro- 
mosilane  in  50  mL  oi  ether  was  poured  onto  75  g of  crushed  ice.  and 
the  mixture  was  stirred  for  30  min.  The  ether  layer  was  washed  with 
two  50-mL  portions  of  water  and  50  mL  of  saturated  solium  chloride 
solution.  The  solution  was  dried  over  magnesium  sulfate,  and  the 
solvent  was  removed.  The  residue  was  dried  for  3 h at  90  °C  (0.07  mm) 
togive  7.7  g (91.4%)  of  an  oily  product:  proton  NMK  (CI)CI ,)  b 0.2  (s, 

3 H,  CH  «Si).  0.7  (m,  2 H,  CH.Si),  2.7  (m.  2 H,  CII  CILSi);  fluorine 
NMK  (CIK'I.,)  </>  10-1.1  (t ,J  * 17  Hz);  IK  (Him)  3600, 3 C»0.  J'.mjO,  2(>.r»0, 
1600,  1440,  1380,  1330,  1280,  1210.  1 190.  lOSOcm-1.  Anal.  Calcd  for 
C4H7N_.FOr.Si:  C,  22.80;  H.  3.33;  N,  13.33.  Found:  C,  22.98;  H,  3.55; 
N,  13.41;  mol  wt,  834. 

The  use  of  methylene  chloride  as  the  hydrolysis  solvent  gave  a 
similar  product  with  mol  wt  562. 

(3-FIuoro-3, 3-din itropropyl)methyldifluorosilane.  (3-Flu- 
oro-3,3-dinitropropyl)meth>  Jpolysiloxane  (13.5  g.  64.3  mmol  of  mo- 
nomer) was  dissolved  in  50  mL  of  ethanol,  25  mL  of  48%  hvdrogen 
fluoride,  and  15  mL  of  water.  The  mixture  was  agitated  for  24  h and 
then  diluted  with  water.  The  product  was  extracted  with  methylene 
chloride,  and  the  methylene  ohluride  solution  was  washed  with  water 
and  saturated  salt  solution  and  dried  over  sodium  sulfate.  The  solvent 
was  evaporated,  and  the  residue  was  distilled  to  give  12  g (80%)  of 
(3-fluoro-3,3-dinitropropyl>methyldifluorosilane:  bp  67  °C  (3  mm); 
NMR  (CDCI.,)  b 0.4  ( t.  J = 6 Hz.  3 H.  CH  .Si).  0.9  ( m,  2 H.  CH-.Si).  2.9 
(m,  2 H,CHjCF(NOT;  fluorine  NMK  (CDCI  , ) 0 104.5  (t.J  = 16  Hz, 
1 F,  F(N0.)2C.  132.3  (sextet../  = 6 Hz.  2 F.  SiFO;  IK  (film)  1600, 1435. 
1370, 1325,  1275,  1220,  1190.  1065.  1025.  930,  910,  870.  860.  830,  805 
cm"1.  Anal.  Calcd  for  C4H7F  <N~04Si:  C,  20.69;  H,  3.02;  H.  12.07. 
Found:  C.  20.67;  H.  2.88;  N,  12.52. 

A mixture  of  33  g (0.0932  mol)  of  (3-fluoro-3.3-dinitropropyl)- 
methyldibromosilane  and  15.7  g (0.373  mol)  of  sodium  fluoride  was 
dissolved  in  100  mL  of  ethanol,  25  mL  of  48%  hydrogen  fluoride,  and 
15  mL  of  water  with  agitation.  After  3 davs.  the  mixture  was  poured 
into  water  and  extracted  twice  with  methylene  chloride.  The  organic 
solution  was  washed  with  water  and  saturated  salt  solution  and  dried 
over  sodium  sulfate.  The  solvent  was  evaporated,  and  the  residue  was 
distilled  to  give  17.8  g (82%)  of  (3-fluoro-3.3-dinitropropyl)methyl- 
difluorosilane. 
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Reaction  of  (3-fluoro-3. 3-dinit ropropyllmethyldifluorosilane 
with  Sodium  Methoxide.  A solution  of  5.4  g (0.1  moll  of  sodium 
methoxide  in  30  mL  of  dry  methanol  was  added  dropwise  to  _'3  2 g (0.1 
moll  of  (3fluoro-3.3dint!rnpropyHmethv!difiuor< -silane  with  ioe  t a*h 
cooling.  After  0 5 h,  the  methanol  was  evaporated  and  the  resid  ie  was 
distilled  at  79-85  °C  (3  mm)  to  give  a mixture  of  starting  rtn.erial 
(20%),  dimer  f lfe°o).  and  product  (62%).  The  yield  of  (3-fluoro-3.3- 
dinitropropyDmcthylmethoxyfiuorosilane  was  13.9  g (57%l  by 
quantitative  NMR:  NMR  (CDCI  I 5 0.3  id,  J = 6 Hz.  3 H.  CH  ,Si  1.0.8 
(m.  2 H.  CH.Si),  2.8  tm.  2 H.  CH:C(N0  .LF),  3.5  (».  3 H.  CH  ,0Si»; 
fluorine  NMR  (CDCI-,)  « 104.7  (t , J = 16  Hz.  1 F.  CF(NCloi:F),  138.1 
(sextet.  J = 6 Hz.  1 F.  FSil:  IR  (film)  1600.  1440.  1375.  1330.  1275. 
1215,  1195,  1100, 1065.  1030.  915.  860,  555,  835.  810  cm-1. 

l,3-Bis(3-fluoro-3.3-din'ttropropyl)-l,3-dimethyl-l,3-dif!uo- 
rodisiloxane.  A solution  containing  1.25  g (5.12  mmol)  of  13-fluoro- 
3,3-dimtropropyllmelhylmethoxvfluorosilane  in  25  mLof  methanol. 
5 mL  of  water,  and  1 mL  of  concentrated  sulfuric  acid  was  stirred  for 
20  h.  The  solution  was  poured  into  water,  and  the  product  was  ex- 
tracted with  methylene  chloride,  washed  with  water  and  saturated 
salt  solution,  and  dried  over  sodium  sulfate.  The  solvent  was  evapo- 
rated, and  the  residue  was  distilled  to  give  0.7  g (62*%)  of  1.3-bis(3- 
fluoro-3,3-dinitropropvl)-1.3-dimethvl-l,3-difluorodisiloxane:  bp  15s 
°C  (0.2  mm);  NMR  (neat)  & 0.3  (d.J  = 6 Hz.  6 H.  CH  Si).  0.9  tm.  4 H. 
CH2Si),  2.9  (ra.IH.  CH  -CF);  fluorine  NMR  (neat)  o 05.5  it.  J = 20 
Hz,  2 F,  FC(N0»)).  132.0_  (sextet,  J = 6 Hz.  2 F.  FSi):  IR  (film)  1590. 
1435,  1365,  1320.  1235.  1100.  1025.  970,  910.  675.  S55.  620.  600.  780 
cm'1.  Anal.  Calcd  for  CsHuF.N.OsSi-:  C,  21.72;  H.  3.17;  N.  12.67. 
Found:  C,  21.86;  H,  3.05;  N,  13.50. 

Bis(3-ch!oropropoxy)dtpheny!silane.  Anhydrous  ammonia  was 
passed  through  a stirred  solution  of  81.6  g of  93%  pure  dichloro  di- 
phenyl silane  (0.30  mol)  and  56.7  g (0.60  mol)  of3-chloropropanol  in 
600  mL  of  dry  benzene  at  5 °C  until  it  was  no  longer  absorbed.  The 
solution  was  filtered  and  distilled  to  give  93.5  g (84.5%)  of  bi‘(3- 
ch!oropropoxv)diphenvlsi!ane:  bp  176-179  °C  (0.21  mml;  NMR 
(CDCD  & 1.95  (quintet.  J = 6 Hz,  4 H.  CH-CHiCH-).  3.55  it,  J * 6 
Hz,  4 H.  CH;0Si).  3.8  (t.  J = 6 Hz.  4 H.  CICH,).  7-7.7  (m.  10  H.  CeH4. 
Anal.  Calcd  for  C,„H2,02CLSt:  C,  58.54;  H.  5.96.  Found:  C.  58  19;  H. 
5.90. 

Bis(3-hydroxypropvl(diphcnylsilane  from  Bis(3-chloropro- 
poxy)diphenylsilane.  A round-bottom  flask  containing  175  mL  of 
dry  toluene  and  22.2  g (0.964  mol)  of  sodium  was  fitted  with  a stirrer, 
a thermometer,  a reflux  condenser,  and  a dropping  funnel  containing 
103  g (0.963  mol)  of  chlorotrimethylsilane.  The  toluene  was  refluxed, 
and  sufficient  chlorotrimethylsilane  was  added  to  lower  the  honing 
point  to  101  *C.  Bis(3-chloropropoxyldiphenyl<nlane  18O.6  g.  0.2185 
mol)  was  mixed  with  the  remaining  chlorotrimethylsilane.  and  the 
mixture  was  added  drnpwbe  into  the  flask  with  vigorous  stirring  over 
a 30  min  period.  The  solution  was  filtered  and.  the  solvent  was  re- 
moved under  reduced  pressure.  The  residue  was  dissolved  in  150  mL 
of  absolute  ethanol,  and  30  mL  of  5%  hydrochloric  acid  was  added 
slowly  with  cooling.  The  mixture  was  stirred  for  1 h.  and  the  ethanol 
and  water  were  then  removed  under  vacuum  The  pnduct  was  washed 
wP h 100  mL  of  saturated  potassium  carbonate  and  distilled  to  give 
33.5  g (51%)  of  bis(3-hvdriixvpropvlldiphenvlsilane:  bp  178-165  °C 
(0.07  mml;  mp  83-84  *C,  NMR  ICDCl-l  6 0.7-1.7  (m.  8 H.  CH  CH  -Si). 
2.58  (s.  2 H.  OH).  .3.2  (t.  J ---  6 Hz.  4 H.  OCH  .),  0.9  (m.  10  H.  C.  Hs): 
IR  (film)  33(H).  3050.  2900.  1430.  1190.  1120  cm'1.  Anal.  Calcd  for 
CisH.uO.Si:  C,  72.00;  H.  8 (H).  Found:  C,  71.68;  H.  8.26. 

Bis(3-bromopropvl)diphenylsilnne  from  DinllyldiphcnyUi- 
lane.  A solution  of  Imtnne  in  leltahvdrofurnn  (35.02  mL,  0.96  Ml  was 
added  dropwise  with  stirring  under  nitrogen  to  a solution  of  13.2  g 
(0.05  mol)  ot  diallyltliphenvlsilune  In  1(H)  mL  of  dry  tetrahvdrofuran 
at  0 °C.  The  solution  was  stirred  for  30  min  at  0 °C  and  for  30  min  at 
20  °C.  Then  l mL  of  methanol  was  added  to  destroy  excess  borane. 
Bromine  (5.4  inL.  0.101  moll  and  sodium  methoxide  solution  (from 
2.53  g,  0.1 10  mol,  of  sodiurr  and  30  mL  of  methanol)  were  added  si- 
multaneously at  a rate  such  that  the  reaction  mixture  ret  tamed  yel- 
low. The  reaction  temperature  was  maintained  at  2.3-30  °C  hy  means 
of  a water  bath.  Cyclohexane  ( ion  mL)  was  added,  and  the  solution 
was  extracted  with  HO  mLof  Mrs.  potassium  carhonate.  The  aqueous 


layer  was  extracted  with  three  f>0  gil.  portions  of  cvclohexane.  The 
combined  organic  layers  were  washed  with  two  Ilk)  ml,  portions  of 
water  and  100  ml,  of  saturated  sodium  chloride  and  dried  over  an- 
hydrous potassium  carbonate.  Distillation  pave  5.1  g (21%)  of  hist.'t- 
bromopropylldipbenylsilane.  bp  1S2  “C  tO.06  mml,  spectrally  iden- 
tical to  the  compound  characterized  below.  This  material  was  handled 
as  an  oil;  seed  crystals  were  not  available. 

Bis(3-hydroxypropyl)diphein  Isil.ine  by  Hydrosilylation.  A 
mixture  of  1500  g (7.33  mot)  of  ‘J(rs.  diphenylsilane.  0.1  g of  tristtri- 
phenylphosphinelrhodiurn  chloride,  and  200  g of  allyloxvtrimeth- 
ylsilane  was  heated  to  100  °C.  Heating  w as  slopped  and  the  temper- 
ature rose  to  120  °C.  Additional  alKoxvtrimethylsilane.  a total  of  2st0 
g (21.6  mol),  was  added  at  a rate  sufficient  to  maintain  reflux.  This 
solution  was  added  to  a solution  of  15  ml  of  concentrated  HCI  and 
600  mL  of  water  in  3 L of  methanol.  After  24  h,  the  product  was  ex- 
tracted with  methylene  chloride.  Crystallization  from  methylene 
chloride  and  Skelly  F yielded  1500  g (G8%)  of  bis(3-hvdroxypropyl)- 
diphenylsilane. 

Bis(3-bromopropyl)diphcnylsilane  from  PBr.v  Bis(3-hvdrox- 
ypropyDdiphenylsilane  (1490  g,  4.96  mol)  was  added  to  a solution  of 
1043  g (3.86  mol)  of  phosphorous  tribromide  in  3 I,  of  ether,  which  was 
maintained  at  room  temperature  by  a water  hath.  The  mixture  waa 
stirred  for  72  h and  then  was  added  to  ice.  The  product  was  extracted 
with  water,  dried,  stripped  of  solvent,  and  extracted  into  S'sellv  F. 
giving  1683  g of  semicrystalline,  90%  pure  bis(3-bromopropyl)di- 
phcnylsilane.  Recrystallization  from  ethanol  gave  1400  g (67%)  of 
bis(3-bromopropyl)diphenvlsilane:  mn  48-19  °C;  NMR  (COG  ,)  { 1.2 
(m,  4 H.  CH2Si),  1.8  (m.  4 H.  CI1  CH  Si),  3.25  (t,  J = 6 Hz,  4 H, 
BrCHg),  7.15  (m.  10  H,  C„H5).  Anal.  Calcd  for  C^H-.B^Si;  C,  50.72; 
H,  5.20.  Found:  C,  50.74;  H.  5.17. 

Bis(3-p-toluenesulfonatopropyl)diphcnylsi!ane.  Pyridine  (11.3 
g,  0.14  mol)  and  25  g (0.13  mol)  of  p-toluenesulfonvl  chloride  were 
added  to  a solution  of  15  g (0.050  moll  of  bis(3  hydrnxypropyl)diph- 
enylsilane  in  50  mL  of  methylene  chloride  at  0 °C.  After  a 20  h reaction 
period  at  room  temperature,  the  mixture  was  washed  successively  with 
water,  1 N hydrochloric  acid,  water,  and  saturated  sodium  bicar- 
bonate. The  solution  was  dried  over  magnesium  sulfate,  and  the  sol- 
vent was  removed  to  give  31.6  g (85%  yield)  of  85%  pure  bis(3-p-to- 
luenesuIfonatopropyDdiphenylsilane.  an  oil.  An  analytical  sample 
was  isolated  by  column  chromatography  on  silica  gel  using  methylene 
chloride  as  the  elution  solvent:  N.MR  (CDC1,)  o 7.4  (d  of  d,  8 H,  - 
C6H4-(p)),  7.2  <m,  10  H,  CfiHs),  3.97  (t,  4 H.  CHaO).  2.47  (s,  6 H,  - 
CsHzCHa-p),  1.7  (m,  4 H,  ClljCHjSi),  1.0  (m,  4 H,  CVDSi).  Anal. 
Calcd  for  C.1:H3r,06S,Si:  C,  63.28;  H.  5.96.  Found:  C.  63.20;  H.  6.29. 

Bis(3-bromopropyl)diphc-nylsilane  from  p-Toluenesulfonate. 
A solution  of  19.8  g <0.0325  mol)  of  bis(3-p-toluenesulfonatoprop- 
yDdiphenylsilane  and  10  g (0.115  mol)  of  lithium  bromide  in  60  mL 
of  dimethyl  sulfoxide  was  stirred  for  4 h.  Water  (150  mL)  was  then 
added,  and  the  product  was  extracted  with  three  40  mL  portions  of 
carbon  tetrachloride.  The  carbon  tetrachloride  solution  was  washed 
with  30mLof  water,  dried,  and  stripped  of  solvent  to  give  11.3g  (74% 
yield)  of  90%  pure  (hy  NMR)  his(3-hromopropvl)diphenylsilane. 
Identical  results  were  obtained  using  sodium  bromide  instead  of 
lithium  bromide. 

A solution  of  1200  g (6.2  mol)  of  p-toluoncsulfonvl  chloride  and  4S0 
g (6.1  mol)  of  pyridine  in  16(H)  ml,  of  methvlcne  chloride  wars  added, 
with  stirring  and  ice  hath  cooling,  to  9(H)  g (3.0  moll  of  bis(2-hydrox- 
ypropylldiphcnylsilnne  in  1600  tnL  of  methylene  chloride.  An  addi- 
tional 40  g (0.5  mol)  of  pyridine  was  added  1 h after  this  addition  was 
completed.  The  mixture  was  stirred  for  2 h nt  n*>m  temperature  and 
was  then  washed  with  four  4(H)  ml,  portions  of  water,  dried  over 
magnesium  sulfate,  and  stripped  of  solvent.  The  residue  wns  added 
to  825  g (8  mol)  of  sodium  bromide  anil  2IHH)  ml,  of  dimethyl  sulfoxide, 
and  the  mixture  wns  stirred  for  94  h.  Water  (4iHK)  ml .)  wns  added,  and 
the  aqueous  layer  was  extracted  with  two  250  ml.  portions  of  ritrlxin 
tetrachloride.  The  combined  organic  layers  were  washed  with  IIHHI 
ml.  of  wnter  and  dried  over  sodium  sulfate.  Skelly  F (5  1.1  was  added, 
and  the  precipitated  material  was  dried  under  vacuum  to  give  1 135 
g of  95%  pure  (NMR)  bis(3  lirntnopropylldiplienylsdunr  184% 
yield). 


Bis(3-nitropropyl)diphenylsi)ane.  A solution  of  530  g (7.7  mol) 
of  sodium  nitrate  and  723  g ( 1.7  mol)  of  hisi  3-bromopnpv!  idipi.en- 
ylsilane  in  6 I.  of  dimethyl  sulfoxide  was  stirred  for  1 5 h and  then  was 
diluted  with  12  I.  of  water.  Die  product  was  extracted  with  three  p » 
mL  portions  of  carbon  tetrachloride,  washed  with  loot)  mL  of  water, 
dried  over  sodium  solfate,  and  stripped  of  solvent  C rystalilza'  ion  and 
recrystallization  from  carbon  tetrachloride  and  Skelly  F g i\e  203  g 
(33%)  of  bis(3-nitropropvlldiphenv!silane.  white  crvstals:  mp 
84.5-85.5  °C;  NMR  iCIK'ld  o 7.3  (s.  10  H.  C\.H,).  4 3 tt.  4 H. 
CH.NO.d.  2.0  (m.  4 H.  CM  jCH  .Su.  l 1 <m.  4 H.  CH  %);  1R  (CC14) 
1540,  1430.  1380.  1120,  710  cm*1.  Anal  Calcd  for  C,.H  .0,N,St:C. 
60.31;  H,  6.19;  N.7.81.  Found:  C.  60.15;  H.6.04;  N.7.62. 

Bis(3,3-dinitroprop\lldiphcnykilanc.  Bis(3-nilTopropyl)di- 
phenyLsilane  (73  g.  0.204  mol)  was  added  with  stirring  to  33  g (0.5  moll 
of  potassium  hydroxide  in  50  mL  of  water  and  250  mL  of  methanol. 
When  solution  was  complete.  200  mL  water  and  .34.5  g (0.5  mol)  of 
sodium  nitrite  were  added.  This  solution  was  quickly  added  to  an  ice 
bath  cooled  mixture  of  170  g of  silver  nitrate  (1  mol)  in  3(H)  mL  water 
and  500  mL  of  ether.  After  the  mixture  was  stirred  at  room  temper- 
ature for  2 h,  200  ml,  of  saturated  sodium  chloride  solution  was  added. 
The  silver  precipitate  was  filtered,  and  the  solution  was  made  slightly 
acidic  with  acetic  acid.  The  ether  layer  was  separated,  washed,  dried, 
and  stripped.  The  product  was  crystallized  frunTethyiene  chloride 
and  Skelly  F,  giving  34.5  g (38%  yield)  of  bis(3.3-dinitropropylldi- 
phenylsilane:  mp  96-97  °C:  NMR  (CDC’I ,)  i 7.40  (.3.  10  H,  C.  Ho,  6.01 
(t,  J = 7 Hz,  2 H,  CH(NO.)2),  2.4  <m,  4 H.  CH  .CH  .Si),  1.2  (m.  4 H. 
CH-.Si);  IR  (CHC1 ,)  1570.  1330.  1120  cm'1.  Anal.  Calcd  for 
C18H:0N4OsSi:  C,  48.21;  H.  4.50;  N,  12.49.  Found:  C,  4S.32;  H.  4.59; 
N,  12.29. 

Bis(3-fluoro-3,3-dinttropropyl)diphenylsilane.  Perchlorvl 
fluoride  was  bubbled  into  a vigorously  stirred  solution  of  40  g of 
bis(3,3-dinitropropyl)diphenylsilane  (0.009  mol)  and  13.2  g cf  po- 
tassium hydroxide  (0.2  mol)  in  150  mL  water.  200  mL  methanol,  and 
200  mL  of  dimethyl  formamidc  at  room  temperature.  When  gas  up- 
take stopped,  water  was  slowly  added  and  the  product  precipitated 
out.  Filtration  yielded  42  g of  a light  tan  solid.  Recrystallization  gave 
36.6  g (85%  yield)  of  white  crystalline  product:  mp  S5-86  °C:  proton 
NMR  (CDCb)  6 7.35  (s.  10  H.  C*H- 1,  2.63  (m.  4 H,  CH-CH-  Si).  1.17 
(m,  4 H.  CH.Si);  fluorine  N.MR  (CDCL)  6 105.7  (JHf  » 18  Hz);  IR 
(KBr)  1590,  1430,  1320,  1260.  1200,  1100,  700  cm-*.  Anal.  Calcd  for 
CisHis08N4FjSi;  C,  44.63;  H,  3.75;  N,  11.57.  Found:  C,  44.84:  H,  3.85; 
N,  11.39. 

l,l,3,3,5,5-Hcxakis(3-f!uoro-3,3-dinitropropyl)cyclotrisi!ox- 

ane.  A solution  of  lOg  (0.021  mol)ofbis(3-fluoro-3,3-dimtrrpropyl|- 
diphenylsilane  in  25  mL  of  methylene  chloride  and  25  mL  of  acetic 
acid  was  stirred  with  10  g (0.0625  mol)  of  bromine  for  3 davs.  Water 
(10  mL)  was  added,  and  the  reaction  mixture  was  stirred  for  24  h.  The 
solution  was  washed  with  water,  and  the  solvent  was  removed.  The 
product  was  redissolved  in  methylene  chloride,  and  2 g of  bromine 
was  added.  Crystals  slow  ly  formed  and  after  4 days.  4.8  g (67%  yield) 

of  l,l,3.3.5.5-hexakis(3-fluoro-3.3-dinitrnpropyl)cyclotTisiloxane  was 
isolated  by  filtration.  The  product  was  recrystallized  from  ethyl  ac- 
etate and  Skelly  F to  give  white  crvstals:  mp  207-209  °C:  proton  NMR 
(acetone-ds)  6 3.14  (m,  4 H.  CH;CF),  1.20  tm.  4 H.  CH:Si);  fluorine 
NMR  (acetone-del  <0  106.0:  IR  (KBr)  1590.  1320.  1270.  1210,  1090 
cm*1.  Anal.  Calcd  for  C.-HsN’409F;Si:  C,  20.63;  H.  2.33;  N.  16.19. 
Found:  C,  21.00;  H.  2.36:  N.  16.17;  mol  wt  (vapor  phase  osmometer/ 
EtOAc),  1010  ± 5%  (trimer  = 1038). 

Registry  No.— Sodium  nitrite,  7632-00-0;  (3-bromopropvl)tri- 
methvlsilane.  10545-34-3:  (3-nitropropylltrimethylsilane.  64035-55-8; 
(3-hydroxypropyl)trimethy!silane.  2917-47-7;  (4-bromobutylltri- 
raethylsilane.  18379-55-0;  (4-nitrohutvittrimethvlsilane.  64035-56-9; 
(3-bromobutyi)triroethyIsilane,  18379-54-9;  O-nitrobutylitrimelh- 
ylsilane,  64035-57-0;  (3-hydroxybutylltrimethylsilune,  18387-24-1; 
(3-nitrotobutyl)trimethylsilane.  64035-58-1:  (3.3-dtnttro(>ropvl)tn- 
methylsilane,  640.J5-59-2;  (4.4  dinitrohulvDtrimcthyisilane, 

64035-60-5;  (3.3-dinitrohutylltrimethv|silane,  64035-61-6;  (3-flu- 
oro-3, 3-dinit ropropylllrimethylsilane.  64035-62-7;  <4-tluorn-4.4- 
d ini  trobut>'l)tritne  thy  1st  Jane.  640.15-6.3-8;  (hydroxy met  hv I It  rimeth- 
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ylsilane,  3219-63-4;  trimelhylsilylmethyUriflate.  64035-64-9;  2-flu- 
oro-2,2-dinitroethariol,  lTOO.V.o-7;  irimethylailylmethyl  2-fluoro- 
2,2-diintructhyl  ether.  64035-65-0;  allyl  bromide.  106  95-6;  chloro- 
methyldiphenyKilane.  141-7;'  6;  allylmethyldiphenylsilane.  17922- 
43-9;  (3-bfoinuprop\l)inethyldiphenyl.'ilane,  64035-66-1;  allvluxy- 
trimethylsilane,  18146-00-4;  tit-hydruxyprupylimelhyldiphenylsilane. 
64035-67-2;  tojuenesullonyl  chloride.  98-59-9;  (."i-p-tolurnesulfona- 
topropyl)methyldiphenyl»ilane,  64035-68-3;  (3-nitropropyllmeth- 
yldiphenylsilane,  64035-69  4;  (3.3-diniiropropylimelhyldiphenylsi- 
Une,  64035-70-7;  ri-fluoro-S.S-dinilroprupyllmethyldiphenylsilane, 
64035-71-8;  (3-nuur»-3.3-dinitropropvl)inethyldihromosilane, 
64035-72-9;  (3-fliKjro-3,3-dinitropriipy!)mcthyldifluorosilane, 
64035-73-0;  (3-fluoro-3.3-dinitropropyl)melhylmethoKynuoriisilane. 
64035-74-1;  l,3-bis(3-fluoro-3.3-dinitroprupyl)-l.3-dimethyl-l,3- 
difluorodisiloxane,  64035-75-2;  dichlnrodiphenylsilune.  80-10-4;  3- 
chloropropanol,  627-30-5;  bis(3-chloropr<ipox>')d!phenylsilane. 
63802-06-2;  bis(3-hydroxvpropylic.iphern Isilane,  34564-72-2;  dial- 
lyldiphenylsilane.  10519-88-7:  diphenvlsilahe.  775-12-2;  bis(3-bro- 
mopropyDdipbenvUilanc,  64035-76-3;  hisCip-toluenesullonato- 
propylldiphenylsilane,  64035-77- 1;  bis(3-nitropropyl)diphenyl- 
•ilane,  64035-78-5;  bis(3.3-dinitroprnpyl)diphenylsilane.  64035- 
79-6;  bis(3-fluoro-3.3-dinitroprripyl)diphcnylsilane.  64035-80-9; 
I,l,3l3,5,5-hexakis(3-nui>r(>3,3-dirulroprupyi)cyclolrisiloxane, 
64035-81-0;  (CFaSO-.d  .0. 358-23-6. 
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Appendix  B 


Synthesis  of  Bis-(3,  3-aircitrobutyl)cycloi;olyslioxanes^ 

* 

Duane  A.  Lerdal  and  Kurt  Baum 

Contribution  from  Fluorochem,  Inc. 

Azusa,  California  91702 


We  have  reportedc  the  synthesis  of  (3-fluoro-3, 3-dinitropropyl)nethyl- 
polysiloxanes  and  of  bis(3-fluoro-3> 3-dinitropropyl)polysiloxanes  by  the 
stepwise  introduction  of  nitro  groups  and  fluorines  with  displacement  reac- 
tions, oxidative  nitrations  and  fluorinations.  Phenyl  groups  were  used  as 
silicon  blocking  groups,  and  were  removed  by  bromination  at  the  end  of  the 
reaction  sequence. 

NaNOp 

(C6iI5)2Si(CH2CH2CR2Br)2  — > (C6H5)2Si(CH2CH2CK2N02)2 

AgNO-j  r 1 FC10, 


NaNOg 

OH' 

Br0 


(C6H5)2Si  CH2CH, 


2ch(no2)J2 


>(C6H5)2Si  Cr 


ch2ch2cf(no2); 


h2o 


-OSi  jci^C^CF^OgjJJo  cyclic  polysiloxanes 


The  synthesis  of  an  analogous  series  of  compounds  with  internal  gem-di- 
nitro  groups  was  undertaken  in  the  present  work.  The  starting  material  was 
obtained  by  a sequence  of  reactions  beginning  with  the  hydrosilylation  of 
acrolein  dimethyl  acetal  with  diphenylsilane.  The  hydrosilylation  of  acro- 
lein, as  well  as  or,  (3- un saturated  ketones  and  esters,  with  triethylsilane  has 

i ^ 4 

been  reported  to  take  place  by  1,4-addition,  yielding  enol  silyl  ethers. 

However,  acrolein  acetal  and  triethylsilane  in  the  presence  of  chloroplatinic 

acid  gave,  after  hydrolysis,  3- (triethyloilyl)propionaldehyde. ^ 

For  the  addition  of  diphenylsilane  to  allyl  compounds,  tris(triphenylphc 


f m 

phine) rhodium  chloride-’  was  found  to  be  a more  effective  catalyst  than  chloro- 
platinic  acid.  Under  these  conditions,  the  adduct  of  acrolein  dimethyl  acetal 
and  diphenylsilane  was  obtained,  and  aqueous  hydrolysis  converted  it  to  bis- 
(3-oxopropyl)diphenylsilane.  This  aldehyde  underwent  such  rapid  self-conden- 
sation that  it  could  not  be  analyzed.  However,  it  reacted  with  methyllithium 
in  ether  to  give  bis(3-hydroxybutyl)diphenylsilane,  a crystalline  solid. 


(C6H5)2SiH2  + CH2=CHCH(0CH3)2 

h2o 

— — > ( CgK- ) 2S  i ( CH2  CH2  GHO ) 2 • 


CHoLi 

— - — * (C6H5)2Si(CH2CH2CHCHCH3)2 


The  reaction  of  this  alcohol  with  phosphorous  tribromide  in  ether  gave 
the  corresponding  dibromide.  Bis(3-bromobutyl)diphenylsilane  underwent  dis- 
placement with  sodium  nitrite  in  dimethyl  sulfoxide  to  yield  bis(3-nitrobuty'l) 
diphenylsilane.  Oxidative  nitration^  of  the  salt  of  this  nitro  compound  with 
sodium  nitrite  and  silver  nitrate,  in  a nixed  solvent  consisting  of  water,  me- 
thanol and  ether,  gave  bis(3, 3-dinitrobutyl)diphenylsilane. 

PBro 

(C5H5)2Si(CH2ai2CH0HCH3)2  ) £Si ( CH2 CH£ CHBr CH3 ) 2 


NaNO- 


,Si 


c 


ch2ch2ch(no; 


)CH 


OH’ 


AgNO- 

NaNO; 


(C5K^)2Si 


CH2CH2C(N02  )oCH3 


Dephenylation  with  bromine  was  similar  to  that  of  the  analogous  fluoro- 

p 

dinitropropyl  compound.  Only  one  phenyl  group  was  removed  readily  in  an 
inert  solvent,  but  hydrolysis  of  the  resulting  bromosilane  to  the  silanol  fa- 
cilitated removal  of  the  second  phenyl.  A convenient  one  pot  procedure  uti- 
lized glacial  acetic  acid  as  the  solvent  for  the  initial  bromination,  with 
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water  added  to  complete  the  bromination  and  hydrolysis.  A cyclic  polysiloxane 
with  a molecular  weight  between  trimer  and  tetramer  was  obtained,  which  melted 
at  240-250°  (dec.). 

Experimental  Section 

NMR  and  IR  spectra  were  recorded  with  a Varian  T-60  spectrometer  and  a 
Perkin-Elmer  700  spectrometer,  respectively.  Molecular  weights  were  deter- 
mined with  a Mechrolab  301A  vapor  osmometer. 

Bis(3-hydroxybutyl)diphenylsilane.  A solution  of  18.4  g (0.1  mol)  of 
diphenylsilane,  22  g (0.215  mol)  of  acrolein  dimethyl  acetal  and  0.01  g of 
tris(triphenylphosphine)rhodium  chloride  in  25  ml  of  benzene  was  refluxed  for 
4 hours.  An  additional  0.01  g of  catalyst  was  added  and  the  solution  was  re- 
fluxed for  2 hours.  The  solvent  was  stripped  under  vacuum  and  the  residue 
was  added  to  a mixture  of  100  ml  of  water,  20  ml  of  ethanol,  0. 5 ml  of  con- 
centrated hydrochloric  acid  and  0.2  g of  potassium  iodide.  Ethanol  and  me- 
thanol were  distilled  off  slowly  until  the  head  temperature  reached  80°.  The 
mixture  was  cooled  and  the  product  was  extracted  with  three  50  ml  portions  of 
ether,  dried  and  stripped  of  solvent.  The  aldehyde,  which  polymerized  on 
standing,  was  dissolved  immediately  in  50  ml  of  ether  and  the  solution  was 
added  dropwise  to  150  ml  of  1.5  M methyllithium  in  ether.  Hie  mixture  was 
refluxed  for  15  min,  cooled  and  acidified  with  10$  hydrochloric  acid.  The 
ether  layer  was  separated,  washed  with  50  ml  of  water,  dried  and  stripped. 
Bis(3-hydroxybutyl)diphenylsilane  (27$,  mp  91-2°)  was  isolated  by  crystalli- 
zation from  carbon  tetrachloride  and  Skelly  F.  IR  (KBr)  3300,  2900-3000, 

1430,  1120  and  705  cm-1:  NMR  (CDCl3)$7-40  (broad  b,  10  H,  CgHj)  3-72  (sex- 


tet,  2 H,  CHOII),  2.17  (3,  2 H,  OH)  and  1. 0-1.8  (m,  14  H,  ffljCHQBffigffig) : 

Anal.  Calcd  for  C^gHggC^Si : C,  73-12;  H,  8.59.  Found:  C,  73-19; 
H,  8.73- 


Bis (3-bromobutyl) diphenyls! lane.  A solution  of  9-0  g (0.0275  siol)  of 
bis(3-hydroxylbutyl)diphenylsilaue  and  8.6  g (0.032  mol)  of  phosphorous  tri- 
bromide  in  30  ml  of  ether  was  stirred  at  ambient  temperature  for  90  hrs.  The 
solution  was  added  to  100  ml  of  ice- water  and  the  product  was  extracted  with 
three  30  ml  portions  of  carbon  tetrachloride.  The  combined  organic  layers 
were  washed  with  water,  dried  and  stripped  of  solvent.  The  product  was  puri- 
fied by  column  chromatography  (silica  gel  and  carbon  tetrachloride)  followed 
by  crystallization  from  Skelly  F,  to  give  6.5  g (49^)  bis(3-broaopropyl)di- 
phenylsilane,  ap  61-2°:  IR  (film)  2900-3000,  1425,  1225,  1190,  1120,  7^0  and 
710,  nmr  (CDC13)o7-5  (broad  s,  10  H,  CgK5),  4.2  (sextet,  2 H,  CHBr),  2.0 
(m,  4 H,  C^CHgSi)  1.85  (d,  J=  7Ez,  6 H,  CE^)  and  1.4  (m,  4 H,  CHgSi). 

Anal.  Calcd  for  Cg^gSiB^:  C,  52.87;  H,  5.77-  Found:  C,  52.83;  H, 

5-77- 

Bis(3-nitrobutyl)diphenylsiiane.  A solution  of  6.0  g (13-0  mmol)  of 
bis(3-bromobutyl)diphenylsilane  and  12.0  g (174  mmol)  of  sodium  nitrite  in 
30  ml  of  dimethyl  sulfoxide  was  stirred  for  3 hrs  at  25°C.  The  solution  was 
added  to  250  ml  of  water  and  was  extracted  with  three  25  ml  portions  of  car- 
bon tetrachloride.  The  combined  organic  layers  were  washed  with  water,  dried 
and  stripped  of  solvent.  Column  chromatography  and  crystallization  from  car- 
bon tetrachloride  and  Skelly  F,  yielded  1.5  g (29^)  of  bis(3-nitrobutyl)di- 
phenylsilane,  mp  84-5°:  IR  (KBr)  2900,  1530,  1430,  1320,  ll80,  1110  and  700 
cm"1;  nmr  (CDCl^)^  7.3  (broad  s,  10  H CfcEj),  4.5  (sextet,  2 H,  CHHOg),  1.4 
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(n,  4 H,  O^CRgOi),  1.5  (d,  J=  7Kz,  6 K,  CH3)  and  1.1  (ra,  *4  H,  CHoSi). 

Anal.  Chlcd  for  : C,  62.15:  H,  6.7 8;  N,  7-25-  Found:  C, 

61.93;  H,  6.58;  N,  7.39. 

Bls(3)  3-dinitrobutyl)diphenylsllar.e.  3is(3-nitrobutyl)diphenylsilane 
(l.2  g,  3»1  mmol)  was  dissolved,  with  stirring  at  70°,  in  a mixture  of  5 ml 
of  methanol,  13  ml  of  water  and  6.2  mmol  of  potassium  hydroxide.  The  solu- 
tion was  cooled  to  room  temperature  and  2.2  g (6.2  nmol)  of  sodium  nitrite 
was  added.  The  resulting  solution  was  added  quickly  to  a vigorously  stirred 
mixture  of  2.2  g (13  mmol)  of  silver  nitrate,  15  ml  of  'water  and  20  ml  of 
ether.  After  5 rain  an  additional  25  ml  of  ether  was  added  and  the  mixture 
was  stirred  for  2 hrs.  Saturated  sodium  chloride  (10  ml)  was  added  and  the 
mixture  was  filtered.  The  precipitate  was  washed  with  ether,  and  the  com- 
bined ether  layers  were  dried  and  solvent  was  evaporated.  Column  chromatogra- 
phy (silica  gel,  methylene  chloride)  ar.d  crystallization  (carbon  tetrachlo- 
ride, Skelly  F)  gave  O.90  g (6l$)  of  bis(3, 3-dinitrobutyl)diphenylsilane,  np 
70-1°:  IR  (film)  3,000,  2900,  1550,  1420,  1380,  1320,  1190,  1110,  1020,  845, 

785  and  700  cm  ; nmr  (CDCl^)  7-37  (broad  s,  10  K,  C5H5),  2.4  (m,  4 K,  CHq- 
CH2Si),  2.07  (s,  6 R,  CH3)  and  1.1  (m,  4 H,  CH2Si). 

Anal.  Calcd  for  C^oK^N^OqSI : C,  50.41;  H,  5-09;  N,  11. 76.  Found:  C, 

50. 71;  H,  5.15;  N,  11.96. 

Bis (3, 3-dinitrobutyl)cyclopolysiloxanes.  A solution  of  3*0  g (6.3  mmol) 
of  bis(3, 3-dinitrobutyl)diphenylsilane  and  1 ml  (l8  mmol)  of  bromine  in  20  ml 
of  glacial  acetic  acid  was  refluxed  for  30  min.  Water  (100  ml)  was  added  and 
the  mixture  was  refluxed  for  10  min.  The  solution  was  cooled  to  room  tempe- 
rature and  20  ml  of  methylene  chloride  was  added.  A fine  white  precipitate 

4l 

■I 
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was  filtered  and  the  methylene  chloride  layer  dried,  and  one  drop  of  triethyl- 
amine  was  added.  After  24  hrs,  additional  precipitate  was  isolated  by  filtra- 
tion to  give  a total  of  1. 5 g (7C$)  of  a mixture  of  cyclic  bis(3, 3-dinitrobu- 
tyl)polysiloxanes,  mp  (dec)  240-250°:  IR  (KBr)  2300,  1545,  1520,  1200,  10p0 
and  1010  cm  nnr  (D^CCOCD^)  S 2. 7 (n,  4 H,  CHgCH^Si),  2.20  (s,  6 H,  CII^)  and 
1.0  (m,  4 H,  GHgSi);  molecular  weight  (vapor  phase  osmometer,  2-butanone), 

1210  ± 5$  (trimer  = 1014,  tetramer  = 1352). 

Anal.  Calcd  for  CqH-^N^OqSI:  C,  23.40;  H,  4.17;  N,  16.56.  Found:  C, 
28.06;  H,  4.03;  N,  16.21. 
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